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Thlo  constitute*  a  section  of  the  1958  Annuel  Deport  of  the  U.  S.  Army 
Medical  Unit,  Fort  Detrick.  Most  of  the  studies  on  Pasteure!!#  tularensis 
were  accomplished  a*  preparatory  steps  to  the  conduct  of  studies  in  man,  or 
as  a  result  of  the  direct  care  of  accidentally  infected  laboratory  workers. 

Practically  all  animal  studies  o-\  tularemia  during  1957  and  1958  were 
conducted  jointly  with  Dr.  Henry  T.  glgelsbach.  Ml  Division,  Fort  Detrick. 
Unless  otherwise  specified,  ha  prepared  the  challenge  strains  and  the  vaccine 
strains  of  P.  tulargnsls  employed.  He  has  also  participated  In  the  experi¬ 
mental  design  and  has  been  Instrumental  in  providing  a  wealth  of  published 
and  unpublished  information  to  us. 

The  general  background  on  the  “viable"  Jf.  tulatenslf  vaccine  has  been 
outlined  in  an  earlier  document.,  The  accumulation  of  additional  Information 
he a  required  a  revision  of  this  literature  summary.  The  conclusions  reached 
therein  remain  essentially  unchanged  but  can  now  be  considered  firm.  Without 
question  the  "viable"  vaccine  described  in  ths  accompanying  reports  Is  a 
substandard  product.  However,  the  results  obtained  with  this  product  are 
such  as  to  make  further  development  promising. 

The  1957  animal  exposures  were  accomplished  by  Aerobiology  Branch 
personnel  and  utilized  the  conventional  techniques  of  that  group.  This 
permitted  Initiation  of  familiarization  studies  with  this  infection  prior  to 
completion  of  our  own  facilities. 


STUDIES  OK  TASTE  PRELLA.  TPLA1ENSIS 
CONTE MTS 

CHALLENGE  W  JJfefifi VM1 1A  WITH  100,000  PASTS  URJ5UA  TULAKENSIS  ORGANISMS 
BY  THE  RESPIRATORY  KOUTB 

LIVING  VACCINE  AMD  TETRACYCLINE  THERAPY  EVALUATION  IN  HACAGA  KULATTA 
AEROSOL  CHALLENGED  KITH  60,  300,  3,000,  AND  30,000  CELLS 

MODIFICATION  BY  VIABLE  VACCINE  IN  MACACA  MULATTA  MONKEYS  AEROSOL 
CHALLENGED  WITH  1,300  AND  130,000  mm 

INOCULATION  OF  SNBRtONATED  EGGS 

EVALUATION  OF  A  LIVING  VACCINE  FOR  TULAREKIA 

EFFECT  OF  DUQLITB  THKATHENT  ON  GROWTH  PROMOTING  PROPERTIES  OF  BLOOD  AND 
PLASMA 

AN  ANALYSIS  OF  42  CASES  OF  LABORATORY  - ACQ  UIRKD  TULAREMIA 

EFFECT  OF  CORTISONE  ON  LATENCY  OR  CHRONIC ITY  IN  MONKEYS  SURVIVING 
RESPIRATORY  CHALLRNr-'  WITH  PASTE UKRLLA  TULARRNSIS 


STUDIES  ON  PASTEURELLA  TDLARENSIS 


CHALLENGE  OF  HACACA  MULATTA  WITH  100,000  PASTEURELLA  TULARENS1S 
“ORGANISMS  BY  THE  RESPIRATORY  ROUTE 
(Overholt,  Hughes,  Horniek) 

1.  PURPOSE 

Part  I  of  this  Initial  pilot  study  was  for  the  purpose  of  determining  the 
effect  of  streptomycin  used  prophylactically  and  therapeutically  in  Macaca 
mulatta  monkeys  following  respiratory  exposure  to  100,000  Paateuralla  tuTa- 
renslc  cells  (streptomycin-sensitive  strain). 

Part  II  was  for  the  purpose  of  determining  t|u  protection  afforded  by  a 
living  attenuated  P.  tularenals  vaccine  in  monkBya  challenged  by  the  respira¬ 
tory  as  in  Part  1, 


II.  METHOD 


a,  EXPOSURE 

Each  animal  was  given  sodium  pentothal  intravenously  in  an  amount  sufficient 
to  render  it  unconscious  and  limp.  The  animal  was  then  placed  in  a  Plummer 
exposure,  chamber  and  exposed  for  one  minute  to  an  aerosol  of  P.  tularenals  with 
a  particle  size  of  0.7  micron  or  less. 

Exposure  methods  on  October  1,  1957,  were  identical  for  the  20  monkeys 
(11  in  Tart  I  and  9  ii  Part  II).  The  nominal  dose  desired  was  100,000  cells 
per  animal;  calculated  dosages  based  on  weights  of  the  animals  ranged  from 
65,500  to  143,000.  The  average  number  of  organisms  per  liter  of  aeruaol  was 
83,500. 

Control  animals  were  common  to  both  Parts  I  and  II. 

B,  STUDIES  AND  EXAMINATIONS  POST-EXPOSURE 

Studies  on  all  animalB  included  temperatures  every  6  hours;  physical 
examinations  every  6  hours  throughout  the  first  week,  then  once  daily;  weight? 
weekly;  and  chest  roentgenograms  dully  throughout  the  first  two  weeks,  and 
thereafter,  twice  daily  for  the  next  two  weeks,  and  once  weekly  for  the  sur¬ 
viving  animalo.  The  severity  of  lung  disease  was  classified  as  negative  or 
to  5+: 

questionable  infiltrate. 

It:  minimal  infiltrate,  diffuse  or  localised. 

2+:  definite  Infiltrate,  diffuse  or  localised.  If  diffuse  -  miliary 
or  1-cm  bronchopneumonic  patches;  If  localised  -  an  ill-defined 
1  to  2  cm  bronchopneumonic  patch. 

3-t-:  diffuse  0.5* to  l*cm  or  well-defined  2»to  3-cm  bronchopneumonic 
patches. 

4+:  multiple  1-cm  infiltrates  or  early  lobar  consolidation. 


5+:  coalescence  of  Che  above  Multiple  infiltrate  with  or  without 


heart  shadow. 
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Hood  call  count  and  differential,  hemoglobin,  hematocrit,  and  C- reactive 
fit t*li  (£«}  «itsnuGitisiii  were  performed  daily  toisiijhsut  the  first  t*ick, 
thereafter  at  least  once  every  two  weeks.  Sedimentation  rates  were  similarly 
par forms 4  hmt  tha  micro- sedimentation  rats  determination  used  the  firat  3  to  4 
day a  was  found  to  h«  insccui ate j  thereafter,  the  Win t robe  method  waa  used. 
Correction  fee tore  mead  for  man  wars  applied.  Hood  cultures  were  performed 
dally  throughout  tha  firat  weak.  Agglutinin  tltara  for  P.  tularemia  ware  done 
weakly.  Detailed  autopsies  ware  performed  on  all  dead  animals. 


XIX.  PART  I  -  EFFECT  Cfr  STOFTOHTCIN  AS  PROPHYLAXIS  AND  THERAPY 
A.  MATERIAL 


The  11  animals  ware  randaady  distributed  by  sax  sad  weight  (range  2.25  to 
3.95  kg).  They'  were  divided  into  three  groups:  Group  1  -  Controls  (3), 

Group  2  •  Prophylaxis  (4),  and  Group  3  -  Therapy  (4).  In  the  latter  two  groups 
dihydros traptomyc in  (50  mg  intramuscularly  every  6  hours)  was  given  for  10  days. 
In  tha  Prophylaxis  group,  ths  drug  waa  started  10  hours  after  exposure,  in  the 
Therapy  group,  after  two  consecutive  rectal  temperatures  of  104. 5*F  or  greater. 


B.  RESULTS 


1,  Incubation  Period  (the  tine  between  exposure  and  onset  of  fever) 
The  Incobat ion  periods  are  shown  in  Table  I. 

TABLE  1.  INCUBATION  PERIODS 

GROUP  HOURS  POST-EXPOSURE 


1. 

Controls 

40,40®/ 

2, 

Prophylaxis 

Ke  illness 

3. 

Therapy 

AS, 50, 58, 64 

a.  1  apparently  uninfected. 

One  contral  animal  did  not  become  Infected.  TLe  monkeys  in  the  prophylaxis 
group  did  not  become  ill.  Temperatures  are  shown  in  Figures  1  through  3. 

2.  Physical  examination 

a.  Control  Group:  With  the  onset  of  fever  there  was  anorexia.  By 
the  second  or  third  day  of  fever,  lethargy,  mild  dehydration  and  rapid  grunting 
respirations  were  apparent  which  progressed  to  death.  Two  or  three  days  prior 
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FIGURE  2  TEMPERATURE,  BLOOD  CULTURES,  AND  X-RAY 
STATUS  IN  STREPTOMYCIN  PROPHYLAXIS  CROUP 
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to  death  coarse  ralee  could  be  heard  throughout  the  lunge  but  these  were 
strikingly  disproportionate  to  the  extensive  radiographic  abnormalities  and 
dyspnea.  There  vras  no  significant  peripheral  adenopathy  or  bepatosplenostigaly . 
Terminally  chs  monkeys  were  lethargic,  dyspneic.  moderately  cyanotic,  pale,  and 
lay  en  tha  bottom  of  tha  cage.  One  control  animal  was  not  Infected  and  showed 
no  evidence  of  disease. 

b,  Prophylaxis  Groups  The  eaisale  remained  asymptomatic  and 
physical  examinations  were  normal. 

o.  Therapy  Groups  These  animals  had  only  mild  anorexia  on  the 
first  day  of  illness.  Me  physical  abnormalities  were  found.  All  became 
afebrile  within  12  te  30  hours  after  onset  of  therapy.  One  animal  had  a  brief 
fever  on  day  10  due  to  e  secondary  skim  infection  which  responded  to  penicillin, 

3.  laboratory  Studies 

a.  Chest  roentgenegraphle  examination  showed  (Figures  1  •  3)j 

(1)  Centrals t  Within  24  hours  of  onset  of  fever,  a  ret leu* 
latad  infiltrate  was  Been  throughout  all  lobes.  This  rapidly  progreaaad 
through  a  miliary  phase ,  thence  to  multiple  hreechopneunenlc  patches  to  early 
consolidation  which  obscured  tha  heart  and  mad last Inal  shadows . 

(2)  Prophylaxis t  Mo  abnormalities  aaen. 

(3)  Therapy i  Radiographic  abnormalities  appeared  butddlf'nbt 
increase  beyond  e  retlculeted  to  miliary  phase.  They  were  normal  by  the  com* 
pletion  of  therapy. 

b.  Clinical  and  Bacteriological  Studies 

In  Control  end  Therapy  groups  the  total  leukocyte  count 
(Figure  4)  usually  exceeded  20,000/cu  mm  within  24  hours  of  fever  onset,  Mo 
leukocytosis  was  noted  in  the  Prophylaxis  group.  Thare  was  terminal  leukopenia 
in  the  Controls,  hut  in  the  Therapy  group  thare  was  prompt  re tun  to  normal 
levels.  Within  24  hours  of  exposure  and  prior  to  fever,  CUP  (Figure  5)  became 
mildly  elavstsd  in  all  but  os#  of  the  challenged  animals.  This  probably  was 
the  result  of  non-specific  trauma  as  a  result  of  exposure,  i.e.,  anesthesia  or 
handling.  In  the  Infected  Controls  the  CMP  remained  elevated  to  death.  In  the 
Prophylaxis  group  It  rapidly  fell  after  the  post -expo sure  rise.  In  the  Therapy 
group  there  was  a  reversion  to  near  normal  at  the  completion  of  streptomycin. 
The  sedimentation  rate  (Figure  6)  became  abnormal  within  24  hours  of  fever 
onset  and  followed  the  acute  phase  of  the  disease.  There  was  no  elevation  In 
the  Prophylaxle  group.  Blood  cultures  ware  positive  in  only  the  two  infected 
controls  (Figure  1-3).  Agglutinin  titers  (Figure  7)  were  not  detected  prior 
to  death  in  infected  controls.  In  the  Prophylaxis  group  two  animals  developed 
low  grade  titer  rices  (ItiO  end  i:2G).  In  contrast,  ar.lsals  in  the  Therapy 
group  developed  diagnostic  titers  In  the  secend  week. 

4.  Deaths  and  Autopsy  findings 

A  svumaary  of  autopay  findings  is  shown  in  Table  II.  Two  control 
animals  died  on  days  5  and  9  post-exposure .  Autopsy  revealed  extensive 
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{rey- yellow  focal  lesions  throughout  the  lung  parenchyma.  These  nodules  were 
to  2  an  in  sire,  quite  firm  and  contained  thick  caseous  notorial  hut  had  not 
yet  developed  into  abscesses.  Fibrinous  pleurisy  was  alee  present,  hilar 
lymph  nodes  were  enlarged  bat  contained  ns  grsee  leeiene.  Remaining  vi seer as 
were  unaffected  grossly.  One  Prophylaxis  group  neakey  died  on  day  24  post- 
challenge  of  a  non-specific  diarrhea}  no  evidence  of  tularemia  was  found. 
Three  other  animals  were  sacrificed  after  6  t*  7  months  follow-up  end  showed 
no  evidence  of  tularemia. 

TABLE  II.  SUMMARY  OF  AUTOPSY  PIKDIMGS  IK  MOHKEYS  CHALLENGED 
WITH  100,000  P.  TPLAREHSIS  CELLS 


■ 

MOMKEY 

HiCKHK 

RACT'Y 

He.  , 
DayS7) 

Wt. 

ha  _ 

Thoracic 

Cavity 

Lungs 

Other 

Culture 

COMMENT 

Con¬ 

trol 

iW 

<6) 

8 

Adhesions, 

dense, 

fibrinous 

B rouchopneumcnla , 
miliary  w/ con¬ 
gestion,  atelec¬ 
tasis,  emphysema 

m 

Tularemia , 
acmta 

149 

(13) 

3 

Same  as 

Ko,  148 

Some  as  Ho.  148 

HVL 

bleed t  + 

■ 

Tularemia, 

ecutp 

Pro¬ 

phy¬ 

laxis 

162 

(23) 

2.45 

Fluid  & 

adhesions, 

bilateral 

Bronchopneumonia 
w/coageatien  & 
atelectasis 

Git  Trl- 
choeerj** 

Blood, 
lung,  A 
•ymt  - 

Diarrhea 

156 

(10 

£/) 

1 

Adhesions, 

fibrinous 

Bronchopneumonia , 
miliary,  lobar, 
v/congestdon  A 
atelectasis 

HVL 

Blood, 
lung,  & 
spleen  t  + 

TuJaramia, 

acuta 

127 

(178) 

m 

Adhesion, 
L.  small 

rg>mmru*| 

HVL 

mm 

Sacrificed 
dsy  178  . 

Thera 

py 

143 

(199) 

* 

Adhesions, 

few,  bi¬ 
lateral 

m 

HVL 

HD 

Sacrificed 
day  199 

146 

(209) 

2.6 

Adhesions, 

left 

Mites 

Mesen¬ 
tery  t 
parasitic 
tumors 

ho 

Sacrificed 

day  209 

a.  Day  post-challenge  of  autopsy. 

b.  HVL  indicates  no  visible  lesions. 

c.  Day  pest-rechalleage. 

d.  HD  indicates  no  data. 

C.  SUMMARY  (Table  III) 

Monkeys  exposed  to  approximately  100,000  P.  tularenala  cells  (SCHD  S4)  by 
the  respiratory  route  became  ill  within  40  te  64  hoars.  Two  infected  controls 
died  days  5  and  9.  Straptesyr la  begun  10  hours  aftar  exposure  prevented 
clinical  and  laboratory  svldencw  of  illness .  Streptomycin  given  6  te  12  hours 
after  onset  of  illnees  prmqttly  controlled  fever,  x-ray  evidence  of  disease, 
and  abnormal  C&P,  sedimentation  rata,  and  leukocytosis.  Diagnostic  agglutinin 
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titan  nwrs  noted  only  in  the  Therapy  group.  There  wan  no  clinical  or  laboratory 
evidence  of  ra lapse  in  an lea Is  given  dlhydrestreptoaycln. 

T41U  HI,  85fl.lA2T  Or’  MSULTP  Of  STKEPTCKfCIM  TEKCAFT  AKD 

nUOTtVUXlS  IK  CTUJtKHIA  IH  MONKEYS  (10(1,000  cell  done) 


a.  Creupo  ere  (1)  Centreing  (2)  Prophylaxis;  (3)  Therapy. 

b ,  *5  indicates  data. 

0.  ADDENDUM 

Inchalleaqa 

Fewr  meaksyc  mis  m-sxposed  by  tbs  respiratory  route  to  a  nominal 
3,000  organ las  dose  of  £.  tnlarenein  four  weeks  after  the  abeve  challenge. 
(Figure  1) 


Two  of  these  animal a  Qtes .  150  and  156)  were  in  tba  Prophylaxis  group . 
Basa-lixe  agglutinin  titers  et  raekallenge  were  1*10  end  0  respectively  (Figure  I). 
Beth  became  ill  on  the  third  day  after  the  second  exposer*.  Ko.  156  died  on  the 
9th  post* challenge  dayj  the  ether  remained  febrile  far  two  make  and  recovered. 

Two  aenkeys  (lies.  134  and  147)  from  the  previous  Thsrapy  group  were 
rechalleaged,  One  remained  well}  the  other  had  a  low  grade  fever  for  two  days. 
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Monkey  No.  10,  a  control  monkey  which  initially  had  not  become 
infected,  on  rechallenge  with  30,000  organisms  had  a  severe  febrile  illness 
lasting  for  10  days  (Figure  8). 

I.  CONCLUSION 

This  study  suggested  that  prophylactic  streptomycin  so  effectively  arrests 
the  tularemia  infection  and  the  host's  lnaunlty  response  that  on  rechailenge 
these  animals  respond  as  controls.  In  contrast,  eaimals  receiving  therapeutic 
streptomycin  6  to  12  hours  after  onset  of  illness,  acquire  significant  immunity. 
This  is  shown  by  high  convalescent  titers  after  initial  illneee  and  mild  or  no 
illness  on  rechailenge  one  mgpth  later  (Figure  8). 

The  previoueiy  uninfected  control  on  rechailenge  developed  typical  illness 
with  positive  blood  culture. 

III.  PART  II  -  EFFECT  OF  LIVING  VACCINE  IN  TULAREMIA  IN  MONKEYS 

Details  concerning  the  vaccine  employed  are  given  elsewhere  in  these 
report^.  It  was  a  suspension  of  viable  attenuated  P.  tularenala. 

A.  METHOD 

The  nine  monkeys  used  were  randomly  distributed  by  sex  and  weight 
(range  2.45  -  4.45  kg).  They  were  divided  into  three  groups  and  vaccinated 
two  months  prior  to  exposure:  Group  1  -  Subcutaneous  vaccination  (1*1  of  a 
10*  dilution),  (3),  Group  2  -  Subcutaneous  vaccination  (1  ml  of  a  10s  dilution) 
(3),  and  Group  3  -  Scratch  method  (3).  In  the  last  group  the  method  used  was 
abrasion  of  the  skin  by  scalpel  and  application  of  two  drops  of  a  109  dilution 
of  vaccine;  two  failed  to  develop  tularemia  agglutinin  titers  and  were  re¬ 
vaccinated  using  a  multiple  puncture  method  two  weeks  pre-exposure .  Groups  1 
and  2  had  pre-exposure  agglutinin  titers  of  1:160  1 1 <  't 0;  Group  3,  1:20  to 

1:80  (Figure  9). 

1.  RESULTS 


1.  Clinical  observations 

The  Incubation  periods  are  shown  in  Table  IV. 
TABLE  IV.  INCUBATION  PERIODS 


GROUP 

HOURS  POST-EXPOSURE 

Controls 

40,40 

1. 

Vaccine  109 

S.C.. 

52,60,70 

2. 

Vaccine  10® 

s.c. 

52,70,94 

3. 

Vaccine  109 

scratch 

40,46,58 
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FIGURE  10.  TEMPERATURES,  BLOOD  CULTURES.  X-  RAY  STATUS 
M  VACCINE  GROUPS  K>9  AND  KP  SC. 


Temperatures  for  the  three  vaccine  groups  are  shown  in  Figures  10  and 
11.  In  the  three  animals  surviving  from  Groups  1  and  2,  fever  lysed  between 
the  9th  and  15th  days.  In  Group  3  one  animal  survived,  fever  lysing  by  the 
11th  day. 

On  physical  examination  animals  dying  exhibited  similar  findings  to 
those  found  in  Controls.  Surviving  animals  in  all  groups  appeared  as  ill  a a 
those  dying;  however,  with  the  return  of  the  temperature  to  normal  there  was 
prompt  clinical  improvement.  One  animal  in  Group  2  by  tha  90th  day  developed 
a  suppurating  cervical  lymph  node  from  which  P.  tulareasis  was  isolated. 

2.  Laboratory  Studies i 

Chest  roentgenogrsphic  examination  showed  similar  lnvolvemant  and 
conp&rable  progression  as  the  Controls  (Figures  10  and  11),  Of  the  four 
survivors,  one  developed  multiple  cavitation  throughout  all  lobes  by  the  28th 
day  and  was  sacrificed.  The  remainder  wore  followed  for  90  days;  there  was 
gradual  clearing  to  what  appeared  to  be  slight  fibrosis. 

White  blood  counts  (Figure  12)  shewed  leukocytosis  comparable  to 
that  found  in  Centrals;  CX?  (Figure  13)  and  sedimentation  rats  (Figure  14) 
showod  similar  treads.  In  surviving  animals,  these  absormitl  findings  had 
returned  to  normal  by  the  end  of  the  acute  phase  of  disease  or  shortly  after. 

The  agglutinin  titers  are  shown  in  Figure  9.  lleod  cultures  were  negative  in 
surviving  animals  end  positive  in  3  of  5  which  died  (Figures  10  end  11). 

3.  Deaths  and  Autopsy  Findings 

Deaths  occurred  between  5  and  15  days  post-exposure. 

Autopsy  findings  in  these  monkeys  were  similar  to  those  of  Controls 
(Table  V).  However,  there  was  one  vaccinate  (Monkey  #130,  Group  1)  that  died 
on  15th  day  post-challenge  and  had  hepatic^ brain  and  probably  splenic  involve¬ 
ment  plus  tha  usual  pulmonary  lesions.  Although  the  surviving  animals  were 
clinically  well  at  the  tins  of  sacrifice,  there  were  residues  of  previous  tula¬ 
remia  infection.  Monkey  #130  (Croup  1)  was  sacrificed  after  one  mouth  because 
of  x-ray  evidence  of  extensive  cystic  pulmonary  lesions;  these  were  5  to  7  mm 
in  diameter  with  a  gray-tan  firm  tissue  surrounding  the  cavity.  The  mucoid 
material  in  the  center  of  these  lesions  appeared  translucent.  Smaller, 
grey-yellow,  nodular  lesions  were  also  present.  Monkey  #163  (Group  2)  developed 
a  draining  axillary  lymph  node  3  months  post-challeaga  which  contained  P.  tula¬ 
remia  .  At  autopsy  be  had  a  paravertebral  abscess  due  to  tularemia.  Tha 
remaining  two  animals  sacrificed  at  7  months  had  only  pleural  adhesions  after  . 
having  had  extensive  pulmonary  involvement. 

C.  SUMMARY  (Table  VI) 

Monkeys  vaccinated  with  viable  P .  tulareasis  sad  than  exposed  to 
approximately  100,000  virulent  cells  became  ill  within  40  to  94  hours.  Five 
vaccinated  animals  died  between  5  and  15  days  as  compared  to  5  and  9  days  in 
controls.  There  was  no  apparent  difference  between  controls  and  vaccinates 
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TABLE  V.  SUMMARY  OF  AUTCWPSY  FSHDIBGS  IN  M0HKKYS  CHALLEKT.KD  WITH  100,000 
jr,  IUL1*6K»IS  CELLS 
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with  respect  to  infectivity,  incubation  period  and  severity  of  the  acute 
disease.  The  mortality  rate  for  vaccinates  was  only  55  per  cent.  Survivors 
showed  evidence  of  a  prolonged  infection. 

TABLE  VI.  SUMMARY  OF  RESULTS  OF  VACCINATION  OF  MONKEYS  WITH  LIVING 
ATTE NT HATED  VACCINE  CHALLENGED  WITH  100,000  CELLS 
Illness  not  treated. 


GROUP 

a/ 

MON¬ 

KEY 

No. 

AGGLU¬ 

TININ 

TITER 

Base 

Peak 

DAY 

EX?< 

On¬ 

set 

P0ST- 

7SURE 

Afeb¬ 

rile 

MAXI¬ 

MUM 

SEVE¬ 

RITY 

WBC 

>  20,000 

ABNO 

CRP 

RMAL 
KSR 
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BLOCH) 

CUL¬ 

TURE 

+or- 

DAY 

OF 

DEATH 

COMMENT 

Con- 

mn 

miim 

so 

- 

■EMM 

MM 

mm 

- 

Rechallenged 

trol 

Ea 

0/0 

2 

5 

u 

n 

n 

5 

Tularemia 

Ha 

0/0 

2 

9 

HI 

H 

■9 

mm 

9 

Tularemia 

mm 

IIM 

4o/16cT 

MM 

mm 

5+ 

MEEM| 

MM 

mam 

Sacrificed  28 

1 

Ed 

640/320 

D 

B  1 

4+ 

B 

M 

Hi 

d 

Traumatic 

■ 

IEJ 

80/20 

mm 

B9 

5+ 

HI  1 

H 

H 

M 

El 

Tularemia 

2 

132 

WO/1280 

3 

9 

■M 

jjMJMj 

MM 

mm 

BH 

• 

163 

160/2560 

4 

9 

wm 

1  ‘ 

n 

M 

WM 

m 

L.  node  +  90^ 

173 

2 

8 

HI 

KM 

n 

8 

Tularemia 

3 

11 

20/2560 

2 

KOI 

m 

|M|M 

B 

MEM 

mm 

- 

166 

4(1/80  , 

2 

Wm 

Eh 

B 

B 

1 

12 

Tularemia 

140 

2 

■9 

1 

Mi 

H 

5 

Tularemia 

a.  Groups  are  (1)  Living  vaccine  (s.c.)  10®  dilution  July  31,  1957; 

(2)  Living  vaccine  (s.c.)  10®  dilution  July  31,  1957; 

(3)  Living  vaccine  (scratch  method)  10®  dilution  July  31,  1957; 
and  for  Monkeys  166  and  140,  sane  material  (multiple 
puncture  method)  September  19,  1957. 

b.  P.  tularenais  isolated  from  lymph  node  on  90th  day  post-exposure , 

c.  ND  indicates  no  data. 

IV.  CONCLUSIONS  Parts  1  and  II 

(1)  Dihydrostreptoaycin  was  highly  effective  prophylactlcally  and  thera¬ 
peutically  in  preventing  and  controlling  lnfectlou  in  M.  aulatta  monkeys 
exposed  to  a  high  dosage  of  P.  tularenais,  and  (2)  Living  JP,  tuTarensla  vaccine 
was  effective  in  reducing  mortality  in  disease  resulting  from  a  high  aerosol 
challenge  dosage  of  virulent  organisms. 
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STUDIES  ON  PASTE EKKLLA  TULARSNSXS 

LIVING  VACCINE  AND  TETRACYCLINE  THERAPY  EVALUATION  IN  MACaiA  HffiLATTA 

AEROSOL  CHALLENGED  WITH  60,300,  3,000,  AND  30,000  CELLS 
(Overhelt,  Rigalabach,  ffornlck,  Hughes) 

I.  INTRODUCTION 

The  purpose  of  this  study  was  to  evaluate  a  livlag«attcauAted  vaccine  for 
tularemia  In  Macaca  walatta  monkeys  exposed  to  varying  dcses  ef  Peeteurells 
tularensls.  SCHU  4  strain  (particle  sis*  9,7  fi  or  less)  hy  the  respiratory 
route  and  to  examine  therapeutic  effect  of  tetracycline. 

This  was  a  cooperative  study  with  Sacterlolety  IX  Sraneh,  Ml  Division, 

The  nominal  dose  range  was  60,  300,  3,000,  and  30,000  cells  per  animal ,  The 
untreated  anlnel  groups  were  observed  by  MB  Division  personnel,  treated 
animal  groups  wars  observed  by  Medical  Unit  persennel.  All  animals  were 
anesthetised  and  exposed  by  Aerobiology  Division  as  In  the  previous  study. 

II.  MATERIALS  AMD  METOQD8 

Tha  alnsty-tw©  monkeys  used  In  this  study  were  distributed  In  groups  as 
shown  In  Tsblo  I. 

TABLE  1.  DOSAGE  AND  NUMBER  0?  MONKEYS  IN  SACK  GROUP 


DOSE 

mT.T.g 

CONTROL 

- -  - - - 1 

LIVING  VACCINE 

PkKNOLIZED  VACCINE 

TOTALS 

No  Rx 

Therapy 

Ne  Rx 

1 

Therapy 

No  Rx 

Therapy 

60 

8 

4 

0 

6 

0 

26 

300 

a 

4 

a 

0 

7 

0 

27 

3,000 

i 

8 

0 

7 

0 

4 

19 

30,000 

l 

8 

n 

7 

« 

.20 

TOTALS 

a 

24 

16 

14 

13 

i 

92 

Vaccinations  (described  elsewhere)  were  performed  approximately  eat  month 
prior  to  challenge.  Living-vaccine  (LV)  was  given  by  application  of  two  drops 
of  a  suspension  containing  10®  organlsms/ml  on  the  shaved  skli  of  the  iutra* 
scapular  area  utilising  multiple  puncture  technique.  Bhenelleed*veccloe  (PV) 
was  given  subcutaneously,  0.5  ml  on  each  of  three  successive  days. 

Therapy  consisted  of  125  mg  of  tetracycline  hydrochloride,  pediatric  syrup, 
every  six  hours  for  7  days,  then  125  mg  every  eight  hours  for  an  additional 
week  for  a  total  b f  14  days.  The  drug  was  administered  through  e  polyethylene 
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iiti&t  feeding  tuba  vilcit  had  been  inserted  late  the  stomach,  Therapy  vet 
started  aftST  tw  successive  teaparatur*  reading* of  194. 5*F  (rectally)  or  a 
single  elsvatloa  greater  than  106. ®1f, 

4a 1m la  were  exposed  on  Octeher  29,  IS 57,  Therapy  monkeys  vere  ok served 
for  163  days.  Thereafter  they  were  used  for  ether  studies.  At  autopay,  they 
were  checked  f or ■ tularemic  la a lens, 

STUD  US  AMD  mhilATlOSS 

Treated  antes Is  vere  evaluated  as  follows;  Rectal  temperatures  vere  taken 
every  6  hours  during  the  first  week,  every  8  hours  during  the  second  week,  every 
12  hours  for  the  third  and  fourth  week  and  once  per  day  for  the  following  twe 
Months.  Physical  examinations  vere  performed  dally.  Chest  x-rays  ware  obtained 
every  ether  day  during  the  first  wsak,  twice  during  the  second  week  and  weakly 
for  the  following  six  veeks,  and  thereafter  et  2  to  3  week  Intervals.  X-rays 
were  graded  aa  In  the  previous  study.  White  blood  cell  counts ,  differential, 
hemoglobin,  hematocrit,  sedimentation  rate  and  C- reactive  protein  (CRP)  vere 
determined  twice  weekly  during  the  first  vnsek  end  weekly  thereafter.  Blood  was 
drawn  for  culture  on  days  1  and  4  post-exposure.  Agglutinin  titers  (as  de¬ 
scribed  el so where)  were  obtained  weakly  for  the  first  six  weeks,  thereafter  at 
leaat  monthly.  All  animals  that  died  were  autopnlad. 

Animals  evaluated  by  HI  Division  were  followed  by  chest  x-ray  and  agglutinin 
titers  as  shove.  Temperatures  were  obtained  twice  dally.  Blood  cultures  wore 
obtained  weekly  for  6  woeks. 


III.  BB8ULT8 

A.  60  OXGABISM  CROUP  (12  control,  6  PV,  and  8  LV  monkeys) 

Weights  ranged  from  1.4  to  4.3  kg.  Morbidity  and  mortality  rates  are  ehcvn 
in  Table  II. 

TABLE  II.  MORBIDITY  AMD  MORTALITY  60-CELL  GROUP 


,  Untreated. 
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The  Incubation  period  ranged  iron  4  to  9  days,  with  cwa  except  lean,  tm  n 
monkeys  developed  fever  «t  27  and  31  days.  Fever  was  of  shorter  durst lea  In 
the  LV  group  then  the  FV  group  end  centrelu  (Figures  1-3) >  CUP  end  sadisms* 
tstien  rate  were  likewise  abnormal  for  s  shorter  period  of  tlae  in  this  group 
(Figures  4  end  5). 

Of  three  Infected  control  monkeyi ,  two  hsd  posit ivo  bleed  cultures  and 
died.  Of  the  5  PV  monkeys  that  because  ill  only  one  had  a  positive  culture  and 
died.  Of  the  4  LV  monkeys  infected,  one  had  a  positive  culture  but  did  not 
die.  All  aniaals  with  short  incubation  periods  developed  roongonographic 
changes  at  about  the  sane  tine. 

Frechnllenge  tularemia  agglutinin  titsro  for  all  vaceiaetad  animals  ranged 
froa  Ii40  to  li!60  (Figure  6).  Titors  on  jQon*vacciaatsd  Infected  anlnalo 
shewed  a  rise  by  the  second  week  of  illness  and  reached  a  peak  level  in  two 
survivors  at  4  and  9  weeks,  ranging  froa  1:320  to  1:2560.  The  response  la  both 
vaccinated  groups  was  delayed  in  conpartson  to  tha  central.  Two  control  aoakoys 
were  thought  to  have  sub clinical  experience  with  tularemia  on  the  basis  of 
agglutinin  titors  of  1:10  and  Ii20  which  appeared  during  the  third  week.  They 
failed  to  develop  any  febrile  illness. 

One  control  animal  was  treated  with  tetracycline,  becoming  afebrile  within 
12  hours]  there  wax  no  evidence  of  pulmonary  involvement.  Abnormal  CJUP  and 
sedimentation  rate  were  promptly  controlled.  An  t-fold  titer  rise  occurred  by 
day  20]  there  was  no  relapse. 
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FIGURE  2.  TEMPERATURES,  BLOOD  CULTURES,  X-RAY  STATUS 
IN  PV  GROUP  (M  CELL  CHALLENGE). 


FIGURE  3  TEMPERATURES,  BLjOOD  CULTURES,  X-  RAY  STATUS 
IN  LV  GROUP  ( ec  cell  challenge;. 
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B.  309  0EGAMI8M  GEOUP  (12  control,  7  PV,  sad  I  LV  m keys) 

Weights  ranged  from  1.4  to  4.0  kg.  Morbidity  end  Mortality  rates  era  skews 
in  Table  111, 

TABLE  III.  MORBIDITY  AMD  MORTALITY  300- CELL  GROUP 


HDB2 

torn 

TULA5KMLA5'' 

MORTALITY 

Wo. 

x 

Mr, 

X 

Controls 

9/12 

75 

5/6 

91 

Phenol lsed-Veccine 

7/7 

ISO 

5/7 

77 

Livlng-Vsec  ins 

1,  .  .  . . •  i 

4/8 

39 

1/4 

25 

a.  Untreated. 


Inc what ion  periods  were  3  to  5  days  with  3  exceptions,  two  controls  at  IS 
and  It  days,  end  one  PV  monkey  at  23  days. 

Again  fever  in  the  LV  monkeys  was  e£  short  deration,  except  for  the  one 
fatal  case,  when  compared  with  untreated  controls  and  PV  monkeys  (Figaros  7*9). 
CEP  and  sedimentation  rate  reverted  te  normal  at  shout  the  same  tine  cs  controls 
(Figures  10  anc  11). 

Bleed  cultures  were  posit ivt  in  5  of  6  control  monkeys,  2  of  4  LV  monkoye, 
and  5  of  7  PV  monkeys.  Chest  roentgenograms  slowed  similar  changes  in  nil  fckrse 
groups  as  te  types  end  severity  of  ieeiens. 

Pre-challenge  agglutinin  titers  in  LV  snimals  (Figure  12)  ranged  from  1«40 
to  1:640  and  in  PV  animals,  from  It 10  te  1>SQ.  Titers  on  control  monkeys  began 
to  rise  by  the  first  or  second  week  reaching  s  peak  in  the  surviving  two  animals 
of  1:320  to  Iil2ft0  (>  8-fold).  LV  monkeys  skewed  less  agglutinin  response,  1<640 
to  1:2560  (2-  te  6-  fold  rises),  whereas  the  titers  of  the  surviving  PV  monkeys 
reached  peak  titers  of  Jj  512#  (>l«fold). 

Three  additional  cnvaeelnated  monkeys  wr»  treated  with  tetracycline  (Figure 
13).  The  monkeys  were  afebrile  within  lfi  to  30  hours  and  remained  so  without 
evidence  of  relapse.  Chest  films  remained  negative  and  abnormal  whits  blood 
cell  counts  (Figure  14),  CEP,  end  sedimentation  rsto  were  promptly  controlled 
(Figures  10  and  11). 
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FIGURE  13.  TEMPERATURES,  BLOOD  CULTURES,  X-  RAY 
STATUS  IN  CONTROLS,  THERAPY  C>00  m  L  CHALLENGE). 


FIGURE  14.  WHITE  BLOOD  CELL  COUNTS  IN  CONTROLS, 
THERAPY  (60  C.  300  CELL  CHAUjENGE). 
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c.  3*@S§  OSSARISi  @B0@F  TBSATMl  (8  tntnli,  4  FV,  sud  7  W  noakays) 

Heights  ranged  free  1.4  to  2.6  kg.  Morbidity  and  Mortality  rates  an 
given  In  Table  IT.  All  aninflc  asn  troatad  with  tetracycline. 

TABLE  IV.  M0KBIBITT  Am  MORTALITY  3060- CELL  CKOUP  (Tfcactad) 


MOEBIBITT 

Tttuy 

JfORXi 

KERU 

KAlVt 

Me. 

% 

B»f 

Contrsla 

6/8 

75 

0/6 

0 

Phenol ised-Vaccine 

4/4 

100 

0/4 

0 

Llvlag-Vacclas: 

7/7 

100 

0/7 

• 

Incubation  periods  ranged  hattsoan  2  and  6  days.  All  anlaals  nn  afakrlla 
within  24  hours  •£  onset  »f  therapy  (Figaros  15*17).  With  the  exception  of 
anorexia  during  th*  brief  fshrila  period,  physical  findings  wore  nlnlstal. 

Five  animals  shewed  x-ray  abwjsrn&lltlas  no  greater  than  3+  In  severity 
which  rogmased  to  1+  ex  leas  ar  cleared  hy  the  eanplattaa  *f  therapy.  It 
should  he  noted  that  3  of  theca  5  were  neakeys  In  tin  LT  groap.  Ahnvrml 
white  bleed  cell  count  (Figure  18),  C*roaetiye  protein  (Figure  19)  and  sediano* 
tatloa  rate  (Figure  26)  ware  promptly  ceat railed  by  therapy. 


Fremchallenga  agglutinin  titer*  In  LV  MuiX&ys  fmtw  lt£S  sjk£  1(165  exi  Is 
FV  anlnale,  It 46  to  XiSG.  Tltars  ea  all  infected  mummy*  began  ta  rise  hy  the 
second  weak  (Figure  21).  Among  Central*,  anly  fear  of  the  mix  febrile  animals 
developed  significant  titer  rlaas  ta  1:168  or  greater.  Among  LV  monkeys,  there 
were  email  titer  rlsoa  (2*  ta  4-  fold).  Is  FV  sookays,  peak  tltars  warn  1(166 
ta  1(646  (4-  to  8-  fold).  Two  central  anin&ls  ware  thought  to  have  SKbellnical 
experience  with  tularemia  an  the  heals  of  agglutinin  tltars  of  1»2®  to  1(46, 

which  appeared  hy  the  soeaad  weak  (Figaro  ?1>. 

* 

iisufjw  as d/»5r  earliest  less  wars  sated  only  is  the  csstrel  grOKf,  ttes 
animal  (Bo.  28)  developed  an  aalargad  cervical  lysph  nada  which  suppurated  and 
drained  on  day  9® j  P.  tnlarontis  was  cultured  from  the  esndate.  Xoenttssograaa 
and  tenpersture  xen&lntd  noraal.  Another  anlaal  (As.  36)  had  a  febrile  relapse 
an  day  27  with  3+  chest  x-ray  findings,  abnarnal  CAP  and  aedlmaatatlon  rata. 

On  day  77  ax  aalargad  node,  on  the  right  foot  suppurated  and  drained.  The 
aalnal  was  sacrificed  on  day  84  and  was  the  only  animal  .in  this  group  to  have  a 
positive  culture  at  autopsy  (Table  VI). 
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RGURE  15.  TEMPERATURES,  BLOOD  CULTURES,  X-RAY 
STATUS  IN  CONTROLS  C 3000  CELL  CHALLENGE). 
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FIGURE  19.  C- REACTIVE  PROTEINS  C3000  CELL  CHALLENGE). 


CONTROLS 


33.  39,098  GKCUF  TKEEAFY  (S  Controls,  4  FY,  and  7  L7  monkeys) 

Weights  ranged  from  1.6  ta  2.3  kg.  Morbidity  and  mortality  rata*  are 
given  in  Table  V. 

TABLE  V.  MORBIDITY  AMD  MORTALITY  30,000-CELL  CROUP  (Treated) 


MQS1IBITY 

mAXSMXA 

MORTALITY 

Me. 

1 

Mo’. 

V 

Controls 

6/8 

75 

0/6 

0 

Phenol ised-Vacclne 

3/4 

75 

1/3 

33 

Living- Vaccina 

7/7 

100 

w 

_ 

. 9  - 

The  incubation  period  was  2  to  4  days.  All  aero  afebrile  within  48  hours 
after  onset  of  treataant  (Figwras  22-24).  Chest  ralag  wpjf*  noted  In  only  a  few 
monkeys,  clearing  promptly  after  start  of  therapy. 

Eight  of  the  19  anlaals  had  abnormal  roontgosograsu)  -  6  of  thane  8  worn 
from  the  LV  group.  All  x-rays  bacamo  negative  with  therapy.  Abnormal  white 
blood  cell  count  (Figaro  25),  CXF  (Figaro  26),  and  sedimentation  rate  (Figure 
27)  returned  to  nbnr-1  by  tbe  completion  of  therapy*  LY  animals  had  ha**- lino 
titera  of  1:80  to  1:160.  FY  monkeys,  1:40  to  1|160  (Fig*r*  28).  Among  controls 
there  were  signifienst  titer  rises  (f  ield  s;  sore)  by  £u  third  etk.  IV 
monkeys  deuenstreted  titer  rlsos  (0-  to  4-fold).  The  surviving  FY  animal  had 
ai.  10-fold  rise  in  titer.  There  wore  two  control  animals  thought  to  have  sub- 
clinical  experience  with  tulernmis  bscsuse  of  Ii40  and  li640  titers  (Figaro  21). 

During  the  early  phases  of  tha  study  four  animals  died  from  non-specific 
causes.  Two  were  from  tha  control  group  sad  oas  each  from  the  vaccinated 
groups.  Of  those,  only  a  centre)  animal  dying  on  day  8  showed  lesions  of  tula¬ 
remia,  limited  to  the  longs  and, hilar  nodes. 

One  monkey  (Bo.  56)  from  the  FY  greuy  shaw&d  an  Initial  favorable  response 
to  14  days  of  therapy,  however,  tbe  ilZmas  relapsed  4  days  after  cessation 
of  treatnant,  with  favor,  3+  reentgeaegrephic  abaonmUtles,  aid  elevatioi 
sedimentation  rate  and  CAP.  The  animal  died  day  39  of  extensive  tularemia, 

Amtcpslas  were  porforsmd  on  all  3,890  and  39,000  cell  group  animals  that 
died.  The  neabors  with  residual  tularemia,  as  compared  to  totals  ire  suanarised 
in  Tab la  VI. 
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FIGURE  22.  TEMPERATURES,  BLOOO  CULTURE^,  X-RAY 
STATUS  IN  CONTROLS  (>QOOO  CELL  CHALLENGE). 
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FIGURE  27.  SEDIMENTATION  RATES  C30,000  CELL  challenge). 
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a.  Therapy;  Tetracycline,  125  mg  every  6  hours  for  7  day*,  then  125  mg  every 
8  hours  for  7  days. 


IV.  DISCUSSION 

This  entire  run  has. several  puzzling  features,  and  the  report  ha*  been 
delayed  for  this  reason.  Several  instances  of  late  onset  of  disease  occurred 
at  the  low  dose  levels.  For  example,  control  animal  No.  15  (nominal  300  cells) 
became  ill  on  day  15  post-exposure,  while  control  animal  Mo.  16  became  ill  on 
day  18.  Two  PV  animals  (bus.  61  and  62)  at  the  nominal  60-cell  challenge  level 
became  ill  on  daygs  27  and  31.  A  FV  animal  (No.  48)  at  the  30Q-cell  level  be* 
came  ill  on  day  23.  These  late  onsets  could  represent  cross* infect ion,  but 
the  animals  were  handled  in  a  manner  Identical  with  that  used  for  the  past 
several  years;  no  cross* infection  had  been  observed  previously.  It  may  be 
noted  that  animal  No,  15,  a  300- cell  control,  had  a  positive  blood  culture  on 
day  11,  two  days  prior  to  fever.  Attention  is  else  directed  to  animal  No,  8, 
a  60- cell  control,  which  never  became  111,  but  by  day  19  had  developed  a  lew 
level  agglutinin  titer.  While  several  alternative  explanations <fan  be  advanced, 
none  can  be  validated  at  this  time. 

There  were  apparent  "misses"  at  all  dose  levels  in  the  control  monkeys. 

Thus,  at  the  nominal  6Q*cell  level,  8  of  12  animals  did  net  develop  clinical 
disease;  at  the  300  organism  level,  3  of  12  did  not  shew  clinical  disease; 
at  3,000,  the  comparable  figures  are  2  of  8,  and  at  30,000,  2  of  8.  Further* 
more,  again  limiting  the  discussion  to  the  control  animals,  over  almost  a 
3»log  range  of  nominal  infecting  doaea  there  was  essentially  tha  same  incu¬ 
bation  period  (Figure  29).  Finally,  at  the  maximum  "dose"  used,  30,000 
organisms,  there  was  an  average  Incubation  period  of  71  hours  which  differs 
materially  from  the  incubation  period  observed  in  tha  previous  study  when 
animals  were  given  a  presumed  one-half  log  higher  challenge.  In  a  run  on  n 
different  exposure  device,  to  be  reported  later,  with  a  nominal  1,300 
organisms  challenge,  the  incubation  period  was  60  hours,  while  with  130,000 
organisms  the  incubation  period  was  40  hours,  slaa2ly-a~dass- dependent 
relationship. 

Prolonged  efforts  to  show  any  difference  in  the  particular  group  of 
animals  used  tn  this  study  compared  to  those  used  earlier  or  later  have  boon 
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fruitless.  The  culture  of  F.  tularemia  1b  believed  t*  kavs  had  suitable 
guinea  pig  virulence.  The  monkeys  ware  bold  in  tv*  separate  laboratories  and 
checked  by  tvs  different  teams,  with  Identical  results.  Cue  is  almost  forced 
to  cpnaldar  that  the  mathod  of  exposure  may  have  produced  the  disturbing 
results. 

Examination  of  the  exposure  records  (Table  VII)  reveals  that  curtain 
animals,  because  of  the  level  of  anesthesia  or  for  other  reasons,  had  poor 
respiration  rates.  Tbs  presumed  lew  level  exposures  are  of  particular  Inter¬ 
est.  Animal  Mo,  61  falls  Into  this  category  and  did  net  become  111  until  day 
27;  an  Inal  Me.  31  was  likewise  noted  as  having  a  very  poor  respiratory  rate 
(the  numerical  entry  la  2  per  nlnute)  and  Is  not  surprising  to  find  that  this 
wan  ona  monkey  that  did  not  become  infected.  Animal  Mo,  16  was  as tad  to  have 
had  shallow  breathing  and  ha  did  not  dewlap  algas  of  clinical  illness  until 
day  18.  Animal  Mo.  45  had  a  ainilar  notation.  Ka  hocana  ill  on  day  4,  and  It 
My  or  may  not  be  of  significance  to  note  that  he  wan  on*  of  tbs  two  FV  animals 
who  received  the  nominal  300  call  chftlenge  and  survived.  The  other  FV  vacci¬ 
nated  survivor  at  thla  anas  dose  level  was  Ms,  57  and  hit  exposure  shows  the 
cocBUDnt  "poor  breathing". 

During  this  run  lmpinger  samples  were  taken  only  whan  certain  animal*  were 
being  exposed.  A  review  of  animals  exposed  when  impinges*  were  operating 
shews  the  following t  at  the  nominal  60  organism  exposure  animal  Mo,  2,  a 
control,  was  not  infected,  animal  Mo.  8  never  developed  clinical  disaase  bnt 
possibly  did  develop  a  late  low  level  agglutinin  rise,  animal  Mo.  61  (IrV) 
falls  into  thla  same  group  and  has  already  been  noted  above  as  not  having 
become  ill  until  day  27,  and  animal  Ho.  62  (FV)  did  not  become  111  until  day 
31,  Continuing  at  the  nominal  300  level}  animal  Mo,  18  was  exposed  at  the 
same  time  as  the  lmpinger  was  operating  and  became  ill  on  day  3,  animal  Mo,  77, 
who  had  received  L V,  became  ill  on  day  5,  while  animal  Me.  48  who  bad  recalved 
FV,  did  not  become  ill  until  day  23  post-exposure. 

Tfee  respiration  ratsti  for  all  asiasls  kis  recorded.  At  the  lev  drrtr 
exposures  several  animals  not  mentioned  above  had  a  rate  of  22  or  loos  which 
la  definitely  below  the  average  recorded.  Animal  Mo,  71  with  a  rata  of  14  was 
a  LV  who  showed  no  signs  of  clinical  illness,  animal  Mo,  58  with  a  rato  of  22 

wee  a  FV  who  did  not  become  ill  until  day  6.  At  the  300  challenge  level  LV 

animal  No.  73  with  a  rate  of  22  never  shoved  sign*  of  clinical  illness,  while 
FV  monkey  No.  41  had  an  incubation  period  of  5  days. 

In  short,  of  the  27  animals  at  these  two  dose  levels  who  showed  anmnsleus 

results  there  jure  11  known  to  fall  into  the  categories  described  ahovo  in 
which  there  was  reason  to  believe  that  the  dose  might  have  fallen  below  the 
desired  level.  At  greater  nominal  exposure  dose  levels  this  discrimination, 
of  course,  is  not  apparent,  but  one  Is  still  left  without  a  suitable  expla¬ 
nation  for  the  lack  of  difference  In  incubation  periods  at  the  varying  dose 
levels. 

While  it  is  not  possible  to  account  by  these  methods  for  all  Of  the  odd 
results  seen  In  this  group  of  animals,  the  association  is  sufficient  to 
question  the  validity  of  all  dmae  levels.  Some  monkeys  on  this  run  developed 


TABUS  VII.  EXPOSURE  RECORDS  FOR  60-  AND  3 80* CELL  CHALLENGE  GROUPS  INCLUDING 
DAT  OF  FEVER  AMD  DAT  OF  DEATH 


.  PV  -  p he noil sed  vaccine 
.  LV  *>  living- vaccina. 
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TAJELE  VII.  EXPOSURE  RECORDS  FOR  60-  AND  300-CKLL  CHALLENGE  GROUPS  INCLUDING 
DAY  OF  FEVER  AND  DAY  OF  DEATH  (Continued) 


Fart  B.  Nominal  300  organlama/liter 


ORDER 

~  -  n - 

POST  EXPOSURE 

GROUP 

OF 

MON- 

RESP/ 

WEIGHT 

HOUR 

DAY 

EXPO- 

KEY 

MIN. 

gm 

COMMENTS 

OF 

OF 

SURE 

NO. 

FRVKR 

DEATH 

Con- 

■an 

9 

43 

2735 

132 

lo 

trol 

■9 

10 

29 

120 

vs  A 

11 

25 

2095 

None 

aee 

12 

32 

1990 

96 

12 

13 

30 

96 

10 

H 

14 

33 

1610 

None 

*>*•<* 

24 

15 

23 

1705 

15  a» 

y  22 

25 

16 

18 

Shallow  breathing. 

16  a* 

v  31 

27 

18 

36 

Iaplnger  pulled. 

m  mm 

13 

20 

31 

111  ‘  r 

72 

mm  m 

21 

22 

30 

1785 

None 

m  mm 

26 

24 

35 

1455 

«•» 

6 

41 

21 

1600 

120 

13 

4 

42 

27 

1800 

132 

15 

2 

45 

37 

Shallow  breathing. 

96 

1 

48 

33 

1900 

Iaplnger  pulled. 

23  aa 

8/  42 

8 

52 

25 

1500 

96 

15 

7 

54 

23 

2350 

84 

11 

3 

57 

1850 

Poor  breathing. 

10#  , 

mm  m 

fSUM 

15 

73 

Mena 

mmm 

10 

74 

72 

ab  m  ho 

■B 

20 

75 

27 

■ 

120 

»mm 

1 

14 

76 

30 

Nana 

1 

17 

77 

25 

2655 

lap Invar  pulled. 

132 

— 

19 

78 

26 

2405 

132 

30 

1 

9 

79 

33 

2345 

new 

.  *•  m 

■ 

22 

80 

27 

2105 

.»M»  .  1 

AVERAGE 
WEIGHT  2371 

a.  PV  *  phenol lied  vaccine. 

b.  J.V  -  living- vaccine. 

c.  Bay,  and  tine  of  day. 
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tularemia  while  othara  did  ut,  8Uc»  tka  degree  of  exposure  oust  bo  considered 
to  be  unknown  the  affect  of  prior  vaccination  on  the  outcome  cannot  be  assessed, 
and  tbs  run  east  largely  be  discounted  Insofar  as  any  relationship  to  challenge 
dose  is  concerned. 

It  la  clear  that  in  the  animals  who  daveleped  clinical  disease  and  were  not 
treated  thnt  animals  who  had  received  the  living  vaccine  prior  to  challenge  were 
less  likely  te  die  than  the  controls  or  those  receiving  the  phenollssd  product. 

If  the  nominal  60  end  300  challenge  groups  are  combined  and  consideration  limited 
to  those  animals  who  had  incubgtlen  periods  of  lass  than  10  days,  the  controls 
show  5/7  fatalities,  the  phenolised  vaccinates  show  6/9  fatalitios,  while  those 
receiving  living  vaccine  show  1/8  fatalities.  The  animal  in  this  last  group  that 
died  had  one  Of  the  lowest  pre-challenge  agplutlnln  titers  (1|40). 

Sows  Inference*  concerning  the  reopens*  to  tetracycline  are  parmissabls, 
since  all  anlM^-s  treated,  did,  in  fact,  have  tularemia,  although  the  infecting 
dose  cannot  be  stated.  All  animals  responded  promptly  to  tetracycline.  Relapses 
or  complications  after  therapy  was  terminated  were  aeon  in  threw  animals,  two 
controls  and  one  FV .  Ho  effort  was  made  to  retreat  these  animals. 

Finally  in  groups  placed  on  early  therapy  there  la  the  suggestion  that  those 
previously  vaccinated  were  sure  likely  to  have,  or  to  develop,  roentgen  evidence 
of  disease  when  compared  with  controls  placed  on  therapy  at  the  sam  time. 


The  calculation  of  an  ID 55  ok  this  data  is  net  warranted  and  ns  conclusions 
can  be  reached  aa  to  the  effectiveness  of  either  vaccine  in  preventing  disease. 

In  the  animals  who  did  become  ill  there  is  little  difference  between  the  com* 
trols  and  those  previously  receiving  a  phenol lead  vaccine.  In  cant rest ,  animals 
previously  receiving  a  viable  vaccine  had  a  higher  survival  rats  untreated. 

Clinical  tularemia  in  monkeys  can  be  adequately  c ext relied  by  the  early 
initiation  of  tetracycline. 


STUDIES  ON  PASTE  URBLU  TULARENSIS 


MODIFICATION  BY  VIABLE  VACCINE  IN  MACACA  MULATTA  MONKEYS  AEROSOL  CHALLENGED 
WITH  1,300  AND  130,000  CELLS. 

(Gochenour,  Overholt,  Glelser,  Hornlck,  Hughes,  Sills,  Byron) 

1,  INTRODUCTION 

This  study  was  undertaken  to  examine  the  effects  of  prior  vaccination  with 
a  living  Fasteurella  tularensls  vaccine  cf  Macaca  mulatta  monkeys  exposed  to  an 
aerosol  challenge  of  P.  tularensls  (SCHU  4).  It  differed  from  the  preceding 
study  (60,  300,  3,000,  ani  30,000  cell  challenge!'  in  several  ways:  (1)  the 
animals  were  not  anesthetized,  (2)  a  different  exposure  apparatus  was  employed, 
(3)  a  different  lot  of  living  vaccine  was  used,  and  (4)  tetracycline,  when 
given,  was  administered  at  8-hour  intervals  for  7  or  14  days.  Details  of  each 
of  these  will  be  given  in  appropriate  parts  of  the  report.  It  was  hoped  that 
the  short  period  of  therapy  would  be  sufficient  for  the  prevention  of  relapses 
in  vaccinated  animals,  and  that  a  differential  relapse  rate  under  these  circum¬ 
stances  might  be  UBed  as  a  measure  of  the  value  of  a  vaccine  short  of  actual 
disease  prevention. 


II.  METHOD 


A.  ANIMALS 

A  total  of  72  monkeys  were  used,  divided  into  challenge  groups  as  shown  in 
Table  I. 


TABLE  I.  DISTRIBUTION  OF  ANIMALS 


NOMINAL 

CONTROLS 

7-DAY 

THERAPY 

14-DAY 

THERAPY 

POSE 

VACCINE 

NO  VACCINE 

VACCINE 

NO  VACCINE. 

VACCINE 

NO  VACCINE 

1,300 

6 

6 

6 

6 

6 

6 

130,000 

6 

6 

6 

6 

6 

6 

B .  VACCINE 

The  viable  P.  tularensls  vaccine  employed  was  a  lyophllized  preparation 
prepared  January  17,  1955,  and  designated  as  Lot  No.  2.  Since  that  tfae  this 
same  lot  of  vaccine  has  been  extensively  used^in  man  and  details  of  the  testing 
in  small  animals  are  given  under  that  section^'.  The  vaccine  was  administered 
to  the  monkeys  by  multiple  puncture  technique  3.5  months  prior  to  challenge. 
Small  local  cutaneous  lesions  developed  unaccompanied  by  any  obvious  signs  of 
systemic  infection. 


C.  THERAPY 


Tharapy  cfwlittd  of  «rtl,  unbuffered  tetracycline  hydrochloride  (Lederle), 
125  mg  every  8  hours  fer  7  er  14  daya,  administered  by  gastric  Intubation,  and 
was  started  at  the  tine  ef  the  second  temperature  of  104. 0*C  er  greater (  there 
vara  four  unintentional  exceptions  to  this  which  will  be  noted.  Mo  attempt  was 
made  to  re- treat  animals  shoving  clinical  signs  of  disease  after  cessation  of 
the  original  course  ef  drug. 

J).  CHALLENGE 


Unanesthetlsed  animals  were  placed  in  individual  boxes  with  their  heads 
exposed.  The  head  was  then  plaeed  into  a  helnet  attached  to  a  modified  Flunerr 
tuba.  The  characteristics  of  this  equipment  are  noted  in  another  report 
The  particle  else  and  the  characteristics  of  ths  challenge  culture  ware  identical 
fcff  these  used  earlier.  Three  anlaul*  f ron  different  groups  were  simultaneously 
exposed  for  two  minutes  to  an  aeresol  of  streptomycin-sensitive  strain  of  P. 
tularsaaii  (SCHU  4))  th*  exposure  method  was  repeated  until  ell  72  animals  were 
"expos* 3T  The  1, 303-cell  challenge  was  conducted  on  Hay  15,  1958,  and  the 
130,000-call  challenge  on  May  16,  1958. 

E.  S'.  JDIBS  AMD  EXAMINATIONS 

Rectal  temperatures  were  taken  every  eight  hours  j  examination  was 

made  dally.  Chest  x-rays  were  obtained  three  tlmee  a  week  for  two  weeke,  twice 
a  week  for  two  more  weeks,  and  thereafter  weekly.  X-ray  abD(armXi.ft  !-<ss  were 
graded  as  before.  C-reactlve  protein  (CRP)  determinations  vut^  tuidt:  four  times 
a  week  dmrlng  the  first  week,  twice  during  the  second  week,  and  weakly  thereafter. 
Three  monkey*  from  each  group  were  bled  for  blood  culture  at  0800  and  1600  hours 
on  days  1,  2,  3,  5,  7,  and  9.  Hood  was  also  cultured  from  certain  monkeys  with 
fevers  oq  daya  14  and  15.  Culture  methods  have  been  detailed  in  an  earlier 
report  .it'  Tetracycline  blood  levels  (biological  assay)  wets  obtained  from  two 
monkeys  from  each  therapy  group  at  16,  24,  48,  and  72  hoars  after  initiation  of 
therapy  and  on  days  6,  9,  13,  and  16.  Serial  serum  specimens  for  post-vacci¬ 
nation  and  post-exposure  agglutinin  titers  wore  obtained.  Autopsies  were  per¬ 
formed  on  each  animal  that  died  or  was  sacrificed. 


III.  RESULTS 


Hood  culture  attempts  are  shown  in  Table  II,  by  exact  tins  relative  to 


■  ►  on#  foitoo  1'k*  «sm<o4< 


sol 


those  previously  reported  and  will  net  ha  discussed. 
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TABLE  II,  ATTEMPTS  TO  ISOLATE  F.  TULARENSIS  FROM  DUOLITE- TREATED  BLOODS  OF 

MONKEYS  EXP08ED  TO  APPROXIMATELY  1,300  AND  130,000  CELLS  BY  AEROSOL 


■ 

R 

Y  POST-EXPOSURE 

r 

HH 

5 

n 

THERAPY  DIFFERENCE  BETWEEN 
ONSET  FIRST  POSITIVE  CUL- 
ROURS  TURE  &  FIRST  FEVER 
HOURSfi' 


♦16  £/ 
0 


No  Isolation 
+16 

No  Isolation 


No  Isolation 
No  isolation 
+8  . 


+8^' 

+8 

-16 


X  No  vac¬ 
cine 
No  Rx 


XI  Ho  vac¬ 
cine 
7-da 


XII  No  vac¬ 
cine 
14-da 


a.  Minna  sign  (-)  indicates  culture  preceded  first  fever;  plus  sign  (+) 
Indicates  culture  folloved  first  fever. 

b.  D  indicates  animal  dead. 

c.  Preceding  sample  not  obtained. 

d.  Preceding  sample  contaminated. 
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A,  1,300  ORGANISM  DOSE  GROUP 
1.  Morbidity  and  Mortality 

Morbidity  and  mortality  rates  for  non-vaccinates  (NV)  and  vaccinates  (V) 
are  above  in  Table  111.  One  vaccinate  failed  to  become  ill  and  is  known  not  to 
have  been  exposed  due  to  a  Mechanical  error. 

TABLE  III.  MORBIDITY  AND  MORTALITY  1,300-CELL  GROUP 


GROUP 

■TPM 

B9 

K9H 

■m 

7. 

Controls 

NY£/ 

6 

6 

100 

V 

5 

5 

100 

7-Day  Therapy 

NV 

6 

~~W~ 

17 

V 

6 

100 

0 

0 

1 4-Day  Therapy 

NV 

6 

100 

1£/ 

17 

V 

6 

100 

0 

a.  NV  -  non-vaccinated.  V  •  vaccinated. 
b0  Died  day  37  -  tularemia, 
c.  Died  day  25  -  tularemia. 

2.  Disease  Course 

Temperatures,  x-ray  status,  and  blood  culture  findings  are  graphically 
presented  in  Figures  1-6.  The  Incubation  period  averaged  60  hours  with  a 
range  of  58  to  76  hours.  There  was  no  difference  between  vaccinates  and 
non-vaccinatea.  Physical  examination,  in  untreated  controls  and  vaccinates  at 
the  onset  of  fever  revealed  anorexia  and  lethargy.  Pulmonary  rales  developed 
shortly  thereafter.  Severe  dehydration  and  hypothermia  usually  preceded  death. 
All  untreated  vaccinates  and  non-vccclnates  died  within  6  to  9  days  with  the 
average  time  between  onset  of  fever  and  death  being  4.2  days  with  a  range  of 
2.5  to  6.0  days.  In  contrast,  the  non-vacclnates  and  vaccinates  receiving 
tetracycline  became  afebrile  on  an  average  of  20  hours  after  onoet  of  therapy 
(range:  8  to  48  hours)  and  only  a  brief  period  of  anorexia  and  lethargy  was 
ob served. 

All  but  two  of  the  infected  animals  developed  abnormal  chest  roentgeno¬ 
grams,  usually  within  24  hour*  after  onset  of  fever:  the  two  exceptions  were 
from  the  nan-vaccinated,  7-day  therapy  group  (Figure  3).  In  the  untreated 
controls  and  vaccinates  the  chest  films  demonstrated  rapid  progression  of  mili¬ 
ary  t©  diffuse  multiple  bronchopneumonia.  In  contrast,  the  7-  and  14-day  therapy 
nou-vaccinates  and  vaccinates,  with  similar  initial  lesions  regressed  under 
therapy.  A  difference  was  noted  between  the  7-  and  14-day  therapy  groups  in 
terms  of  extent  of  clearing  at  the  completion  of  tetracycline,  l.e.,  in  7  of  12 
animals  receiving  7  days  of  tetracycline  (three  non-vaccinates  and  four  vacci¬ 
nates)  the  x-ray  lesions  had  not  completely  cleared  when  therapy  was  stopped; 
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FIGURE  I.  TEMPERATURES,  BLOOD  CULTURE^  & 
X— RAY  IN  CONTROLS  (1300  CELL  CHALLENGE) 
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1,300  CELL  CHALLENGE 
VACCINATE,  NO  THERAPY 


ALL  MATHS -TULAREMIA 


FIGURE  2.  TEMPERATURES,  BLOOD  CULTURES,  &  X-RAY 
STATUS  IN  VACCINATES  —  NO  THERAPY  (isoo  CELL  CHALLENGE) 
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FIGURE  3.  TEMPERATURES,  BLOOO  CULTURES,  A  X-RAY 
STATUS  iN  NOi'J -VACCINATES -7- DAY- THERAPY 
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whereas  only  one  of  12  animals  treated  for  14  days  had  an  abnormal  chest  film. 
Chest  films  were  negative  in  this  vaccinated  monkey  a  week  after  completion 
of  therapy. 

Blood  cultures  in  the  untreated  controls  and  vaccinate*  were  positive 
during  the  first  24  hours  of  disease  tn  the  three  animals  tested  from  each 
group  and  persisted  to  death.  In  the  therapy  groups  positive  cultures  were 
also  obtained  from  5  of  6  non-vaccinated  and  2  of  6  vaccinates  during  the 
initial  phases  of  and  preceding  illness.  The  organism  could  not  be  Isolated 
from  the  blood  from  these  animals  after  24  to  48  hours  of  tetracycline  therapy. 

3,  Disease  Course  Following  Therapy 

In  the  r~’"-v»r«"»T>ated  7-day  therapy  group  all  animals  showed  an  ele¬ 
vation  of  temperature  approximately  four  days  after  the  drug  was  stopped.  The 
individual  temperature  records  in  the  post-therapy  period  are  shown  in  Figure  7. 
There  was  reappearance,  worsening,  or  persistence  of  chest  x-ray  abnormalities 
and  several  blood  cultures  were  obtained.  Although  most  of  these  animals  did 
not  appear  particularly  ill,  the  pattern  is  routinely  that  of  a  worsening  of 
infection  with  one  death  on  day  37. 


In  the  vaccinates  with  7  days  of  therapy  the  picture  was  somewhat  modi¬ 
fied.  Temperature  elevations  were  lees  evident,  x-ray  changes,  less  prominent, 
if  present  at  all,  and  In  the  five  animals  examined  at  this  presumed  critical 
period,  blood  cultures  were  negative. 


In  the  14-day  therapy  group,  3  of  6  non-vaccinates  relapsed  within  1 
to  4  days.  One  died  after  four  days  of  fever  and  was  found  to  have  extensive 
tularemia.  Ho  contributory  cause  of  death  was  apparent.  Antibiotic  blood 
levels  were  not  obtained.  The  remaining  two  recovered  after  a  10-  to  14-  day 
febrile  illness.  Each  had  reappearance  of  abnormal  chest  roentgenograms, 
which  slowly  cleared  over  the  next  two  months.  The  temperature  pattern  after 
completion  of  14  days  of  treatment  in  the  vaccinated  animals  is  difrlcult  to 
evaluate.  If  meaningful  at  all,  It  is  certainly  low  grade;  mare  importantly, 
the  chest  x-rays  remained  normal  and  there  were  no  deaths. 


In  animal  No.  358,  non-vaccinated-14-day  therapy,  tetracycline  adminis¬ 
tration  wan  begun  coincident  with  the  initial  fever,  at  which  time  the  blood 
culture  was  positive.  Although  a  second  positive  blood  culture  was  obtained, 
this  animal  had  no  more  fever  and  no  relapse  (Figure  5). 


B.  130, 000- ORGANISM  DOSE  GROUP 
1,  Morbidity  and  Mortality 

Morbidity  and  mortality  rates  are  shown  in  Table.  IV. 


FIGURE  7.  TEMPERATURES  OF  CONTROLS  AND 
VACCINATES  AFTER  7  DAYS  OF  THERAPY 
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TABLE  IV,  MORBIDITY  AND  MORTALITY  130,000  CELL  GROUP 


i  MORBIDITY  ] 

!  MORTALITY 

N.. 

'  X 

No. 

X 

Controls 

NV*/ 

6 

:oo 

V1 

100 

V 

6 

ICO 

100 

7-Day  Therapy 

NV 

6  , 

100 

17 

V 

es1 

100 

ii/ 

20 

14-Day  Therapy 

NV 

6 

100 

0 

0 

V—/ 

6 

100 

0 

0 

a.  NV  -  non-vaccinated.  V  -  vaccinated. 

b.  Moribund  and  sacrificed  day  27. 

c.  One  animal  aspirated  tetracycline  and  died  2nd  day.  This 
animal  is  not  inciude.d  in  tularemia  mortality  figures. 

d.  Therapy  begun  32  hours  after  Initial  fever.  Died  day  67 
of  tularemia, 

e.  Therapy  delayed  for  16  hours  in  two  animals  -  T-9  and  438. 

2.  Disease  Course 

Temperature,  x-ray  status,  and  blood  culture  findings  are  graphically 
presented  in  Fig, urea  8  -  13.  The  incubation  period  averaged  40  hours  (range: 

28  to  60),  in  contrast  to  60  hours  in  the  1,300  cell  challenge  group.  Physical 
findings  in  untreated  controls  and  vaccinates  were  similar  to  those  found  in 
the  1,300-cell  challenge  groups.  Pulmonary  rales  were  heard  shortly  after  on¬ 
set  of  fever,  ana  severe  dehydration  with  hypothermia  preceded  death.  All  of 
the  animals  In  the  untreated  groups  died  4  to  5  days  post  challenge.  The 
average  time  between  onset  of  fever  and  death  was  2.5  days,  with  a  range  of  1.5 
to  3.5  days.  In  contrast,  treated  non-vacclnates  and  vaccinates  be  came  afebrile 
in  an  average  of  32  hours  (range:  8  to  64);  however,  approximately  one-half 
of  the  animals  in  each  group  had  an  occasional  temperature  elevation  during 
tetracyciine  therapy. 

All  but  one,  a  non-vacclnate ,  had  abnormal  chest  roentgenograms  within 
24  to  48  hours  of  onset  o£  lever.  In  the  untreated  controls  and  vaccinates 
the  initial  pulmonary  abnormalities  were  more  diffuse  than  in  the  lower  dose 
challenge  groups.  In  all  treated  animals,  as  in  the  1,300-cell  challenge 
group,  the  progression  of  pulmonary  involvement  was  sharply  curtailed.  Animals 
treated  for  14  days  usually  had  normal  chest  films  at  completion  of  therapy 
(Figures  12  and  13);  this  was  the  exception  following  7  days  of  therapy 
(Figures  10  and  11). 

Blood  cultures  in  the  untreated  controls  and  vaccinates  were  positive 
during  the  first  24  to  48  hours  of  disease  (3  monkeys  from  each  group). 

Cultures  were  negative  after  24  to  48  hours  of  therapy. 
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3.  Disease  Course  following  Therapy 

Teiperatux*  patterns  after  seven  days  therapy  are  shown  in  Figure  7. 

Of  those  receiving  7  days  of  therapy,  positive  blood  cultures  were  obtained 
only  in  the  non-vaccinates,  and  a  nor*  narked  febrile  response  on  cessation 
of  therapy  ie  evident  when  compared  to  the  vaccinates;  there  waa  no  apparent 
difference  in  the  chest  x-ray  findings  in  tha  two  groups.  One  animal  (Mo.  376) 
in  the  uon-vaccinate ,  7- day  therapy  group  became  moribund  and  was  sacrificed  on 
day  27.  One  anlnal  (Mo.  432)  in  tha  comparable  vaccinated  group  had  a  6- week 
febrile  illness  and  died  on  day  67  fallowing  an  episode  of  diarrhea.  At  autopsy 
there  were  no  gross  lesions  seen  in  the  lungs  of  these  two  animals  while  the 
hilar  nodes  contained  focal  lesions  from  which  P.  tularenals  was  recovered.  By 
mistake  there  had  been  a  delay  in  initiation  of  therapy  in  the  latter  animal, 
the  drug  not  having  been  started  until  32  hours  after  onset  of  fever. 

In  the  14-day  therapy  groups  there  were  no  deaths.  There  was  a  re¬ 
currence  of  prolonged  fever  and  roentgen  positivity  in  four  of  the  non-vacci- 
nates  and  in  two  vaccinates  after  therapy  was  stopped „ 

C.  GROSS  AUTOPSY  FINDINGS 

Hookey  No,  412,  expiring  (by  drug  aspiration)  soon  after  the  initial  febrile 
response  is  of  interest  because  of  the  minimal  changes  seen  in  the  lungs.  This 
animal  belonged  to  the  high  dose  vaccinated  group  and  had  received  only  one 
previous  dose  of  drug.  Histologically  there  were  multiple  small  focal  areas  of 
bronchopneumonia.  Positive  cultures  were  obtained  from  both  spleen  and  liver. 

All  24  of  the  untreated  animals  died  4  to  9  days  post-challenge  with  tula¬ 
remia.  Grossly,  there  appeared  to  be  somewhat  less  evident  involvement  of  the 
hilar  and  mediastinal  nodes  in  the  high-dose  animals.  There  was  no  obvious 
difference  between  vaccinates  and  non-vaccinates  at  the  two  dose  levels. 

Among  the  48  treated  animals  four  died  of  tularemia.  In  two  low-dose 
animals  only  some  of  the  lobes  of  the  lungs  were  involved;  definite  hilar  node 
involvement  was  seen.  In  the  high-dose  animal  sacrificed  on  day  27  all  lobes 
were  involved  and  the  hilar  nodes  grossly  were  little  changed.  In  animal  No. 

432,  hlgh-dose  group,  dying  on  day  67,  the  lungs  showed  little  gross  change; 
the  hilar  nodes  were  prominent. 

A  non-specific  and  fulminating  diarrhea  (Shigella)  caused  the  death  of 
Beven  animals  between  3G  and  SO  days  post-challenge:  four  of  these  animals  had 
minimal  residual  lesions  of  tularemia.  Twenty-seven  animals  were  sacrificed  80 
to  133  days  post-challenge;  only  six  had  gross  evidence  of  tularemia.  The 
extent  and  type  of  late,  gross,  residual  tularemia  lesions  did  not  differ  be¬ 
tween  the  groups.  Histologic  examinations  are  not  completed.  Nine  animals  are 
still  alive. 

D.  TETRACYCLINE  BLOC©  LEVELS 

Tetracycline  blood  level  determinations  are  tabulated  in  Table  VI.  At  16 
hours  after  onset  of  therapy  (125  mg  of  tetracycliue  hydrochloride  every  8  hours 
orally)  the  average  blood  level  was  1.6  ug7.:  at  14  hours,  3.1  jigX;  at  48  hours. 
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2.3jog7.;  at  72  hours,  2,4  /sgX;  and  at  6  days  2.3»ig%.  In  those  recalving  14 
days  of  tetracycline,  the  average  levels  at  9  days  were  3.7  aig^,  and  at  13  days 
3.8  jig%. 

TABLE  VI.  TETRACYCLINE  BLOOD  LEVELS  (BIO-ASSAY) 

(125  mg  tetracycline  HCl  given  orally  every  8  hours) 

<4 


GROUP 

MON¬ 

KEY 

NO. 

\ 

TETRACYCLINE  BLOOI) 
After  Therap; 
Hours 

LEVELS  (mg/ml) 
r  Started 

Days 

AVERAGE 

mam 

24 

48 

72 

rei 

9 

13 

Hft' 

M| 

DEIaBalEm 

mttim 

I-;- 

CONTROL 

T-37 

2.1 

1.4 

E 

2.0 

T-43 

3.9 

3.0 

HU 

SB 

2,9 

VACCINE 

425 

mi 

BS1 

2.5 

1.4 

■ 

1.9 

444 

■SI 

n 

1.8 

MB 

■  I 

Ki 

1.3 

130.000  cells 

warn 

■ 

CONTROL 

436 

1.4 

mam 

WmM 

2.5 

HI 

BRU 

2.1 

VACCINE 

416 

SSI 

m 

■BHi 

mn 

warn 

H 

2.8 

432 

■BpaB 

mm 

Ml 

WM 

l.l 

mom 

■i 

mam 

■ 

I  I 

1  1 

■ 

CONTROL 

3.0 

3.0 

1 

3.9 

H 

■SI 

3.3 

KH 

3.0 

1.8 

■si 

3.0 

uy 

■  1 

2.2 

VACCINE 

398 

1.2 

worn 

ia 

■ESI 

3.0 

5.6 

3.0 

3.3 

361 

2.5 

■H 

KB [ 

MS 

3.0 

4.7 

5,6 

3.9 

130,000  cells 

sbagiM 

Ml 

CONTROL 

359 

1.2 

1.8 

2.1 

KQ 

HOB 

3.0 

1.7 

T-53 

1,2 

3.9 

2.5 

WBFm, 

1.4 

2.5 

Ml 

2,4 

VACCINE 

438 

mm 

>5.6 

worn 

mw 

■51 

mg 

mm 

3.2 

437 

tuBsm 

ND 

ND 

■El 

Ml 

AVERAGE 

■ 

m 

3.1 

2.3 

B 

■ 

B 

B 

a.  <0 ■ 5  used  as  0.5  In  averages. 

b.  ND  indicates  no  data. 

The  average  tetracycline  blood  level  at  16  hours  was  lower  than  expected; 
it  will  be  noted  that  three  animals  were  very  low  (<1.0  pg/ml)  at  this  tine 
(T-37,  432  and  437):  for  example,  T-37,  a  low-dose,  7  day  therapy  control, 
showed  the  most  extensive  x-ray  changes  in  this  group;  No.  432,  a  high-dose, 
7*day  therapy  vaccinate,  was  unintentionally  given  therapy  late;  and  No.  437, 
a  high- dose ,  14-day  therapy  vaccinate,  was  not  followed  for  additional  levels 
but  his  clinical  course  was  one  of  the  poorest  short  of  death.  This  animal 
died  of  tularemia  on  day  67. 
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IV.  DISCUSSION 

Examination  of  the  Incubation  periods  at  the  two  dose  levels  shows  a  clear 
dose  dependence  (Figure  14).  This  is  in  contrast  to  observations  made  and 
reported  in  an  earlier  study!' .  Although  not  plotted  on  the  scatter  diagram 
the  Incubation  periods  of  the  vaccinated  animals  were  essentially  identical  to 
the  controls. 

All  of  the  untreated  animals  died  and  the  clinical  courses  in  the  vacci¬ 
nates  closely  paralleled  those  seen  in  controls.  This,  too,  la  in  contrast  with 
earlier  studies  wherein  it  was  noted  that  animals  receiving  the  viable  vaccine 
survived  a  respiratory  challenge  with  P.  tularemia  (SCHU  4).  There  are  too 
many  variables  to  permit  an  explanation.  The  vaccine  employed  may  have  lost 
"virulence"  in  the  Interval  between  use  in  the  two  studies,  but  &  point  believed 
to  be  of  more  importance  lies  in  the  difference  in  the  challenges.  Reasons  have 
been  advanced  to  indicate  that  the  inhaled  respiratory  dose  in  the  earlier 
study!'  may  have  been  much  smaller  than  the  nominal  figures  given  by  the  impinger 
counts,  in  any  event  the  present  protocol  falls  to  show  any  evidence  of  vaccine 
protection,  Insofar  as  fatality  rate,  incubation  periods,  and  time  to  death  may 
be  concerned.  Iu  the  animals  examined  the  name  is  true  for  time  of  blood  culture 
positivity. 

There  is  again  a  suggestion  that  the  pathogenesis  differs  with  large  and 
small  challenge  doses.  For  example,  In  Table  II  showing  time  of  blood  culture 
positivity  with  respect  to  onset  of  fever,  it  may  be  seen  that  positive  blood 
cultures  were  frequent  prior  to  onset  of  fever  in  the  low  challenge  dose  animals 
but  often  lagged  until  after  fever  was  established  in  the  high  dose  animals. 
Monkey  No.  412  dying,  as  a  result  of  drug  aspiration  shortly  after  the  onset  of 
fever  following  a  high  dose  challenge,  showed  the  primary  findings  to  be  limited 
to  the  lungs  in  the  form  of  numerous  small  bronchopneumonlc  patches  with  only 
minimal  lesions  in  the  mediastinal  nodes.  Roentgen  examination  also  shows  more 
marked  and  diffuse  involvement  in  the  high  dose  animals  and  all  the  findings  are 
in  consonance  with  a  period  of  primary  proliferation  of  F.  tularensis  in  the 
lung,  followed  by  a  septicemic  phase. 

The  primary  response  to  drug  administration  was  excellent  in  all  groups, 
and  if  the  single  animal  (No.  432)  in  which  therapy  was  delayed  is  discounted, 
there  is  no  apparent  difference  among  the  eight  treated  groups  with  regard  to 
the  initial  response  to  drugs. 

The  four  groups  of  animals  receiving  seven  days  of  therapy  generally  showed 
aome  evidence  of  recrudescence  ef  fever  within  4  to  5  days  after  the  drug  was 
stopped  (Figure  13).  This  finding  closely  parallels  the  finding  in  man  treated 
in  a  similar  manner—'.  Fever  was  the  only  clinical  sign  of  disease  noted  during 
the  post-7-day  therapy  period.  Using  this  criterion  alone  the  less  severe 
"relapses"  were  seen  in  the  high-dose  vaccinates,  and  the  more  severe  in  the 
lose-dose  controls.  Both  vaccinated  groups  seemed  to  fare  better  than  the 
non-vaccinated.  During  this  "relapse"  period  positive  blood  cultures  were 
obtained  from  non-vaccinates,  and  none,  from  the  vaccinates. 
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With  14  day*  of  therapy  thla  difference  between  vaccinate*  and  non-vaeci- 
nat&a,  If  it  be  in  fact  a  difference ,  la  leaa  obvious.  Possibly  the  vaccinates 
have  slightly  aodifled  post-therapy  courses  as  Indicated  by  fever,  less  re¬ 
currence  of  positive  reentgen  films  of  the  lung,  and  t-.»  fatalities.  The  find¬ 
ings  may  be  Interpreted  as  shoving  some  effect  of  prior  vaccination  In  modifying 
tb-  course  of  illness  under  conditions  in  which  the  vaccine  alone  does  not  pre¬ 
vent  death  in  any  of  the  challenged  animals.  It  would  appear  that  to  test  thla 
hypothesis  a  therapy  course  of  less  than  seven  days  would  be  required  combined 
with  a  larger  challenge  dose. 


V.  CONCLUSIONS 

1.  Under  the  challenge  conditions  used  the  incubation  period  of  respira¬ 
tory-induced  tularemia  in  monkeys  varied  Inversely  with  the  site  of  the  challenge 
dose.  The  time  between  exposure  and  death  varied  in  a  similar  manner. 

2.  The  clinical  response  to  the  broad  spectrum  antibiotic  tetracycline  was 
identical  at  the  challenge  levels  of  1,300  and  130,000  cells. 

3.  With  either  challenge  level  seven  days  of  drug  therapy  was  sufficient 
to  prevent  death  in  most  animals. 

4.  Prior  vaccination  with  a  viable  P.  tularenala  vaccine  did  not  prevent 
death  of  challenged  monkeys  or  in  any  way  alter  the  clinical  course  in  untreat-  . 
ed  animals.  Following  courses  of  therapy  the  vaccinated  animals  perhaps  showed 
leas  evidence  of  recrudescence  of  disease  than  did  the  unvacclnated  animals. 


» 


2b 


LITERATURE  CITED 


1.  Army  Medical  Service  Activities  Report,  USAMU  (9906.05),  "Studies  on 
Pasteurella  tularensls.  Living  Vaccine  and  Tetracycline  Therapy  Evaluation 
In  Macaca  nailatta,"  (Overholt,  Elgelebach,  Hornick,  Hughe*),  January,  1959. 

2.  Ibid,  "Studies  on  Pasteurella  tularensls.  Evaluation  of  a  Living  Vaccine 
for  Tularemia."  (Hornlck  and  Vostl),  January,  1959. 

3.  Ibid,  "General  Reports,  Characteristics  of  Aerosol  Exposure  Equipment." 
(Gochenour),  January,  1959. 

'  Ibid,  ’Studies  on  Pasteurella  tularensls.  Effect  of  Duollte  Treatment  on 
Growth  Promoting  Properties  of  Blood  and  Plassut."  (Ward,  Treeselt  and 
Gaspar),  January,  1959. 

5.  Ibid,  "An  Analysis  of  42  Cases  of  Laboratory-Acquired  Tularemia." 

(Overholt,  Tigertl,  Kadull,  Ward,  Charkes,  Rene,  Salusan,  Stephens), 
January,  1959. 


hr 

■V 


LANK  PAGE 


STUDIES  ON  PASTE UKELLA  JULAhaHSIS 

INOCULATION  OF  1WRYQNATED  WOI 
(Yager) 

I .  INTRODUCTION 

— — ■ r**-*  —  r— r—  ■»■* 

Studies  of  Pasteurella  tulareasis  in  embryonated  eggs  were  undertaken  to 
ascertain  whether  (1)  chick  embryo  inoculation  (yolk  sac)  offered  any  advantage 
as  a  diagnostic  method  for  tularemia,  (2)  ctreptnoiyci«-r«eistanca  modified  the 
response,  (3)  Chare  waa  any  evidence  of  streptpmycln-dapeiideace,  and  (4)  ti¬ 
tration  with  a  living-vaccine  might  have  value  in  vaccine  assay- 

Embryonated  hen  eggs  were  inoculated  with  varying  numbers  of  F.  tulereiyils 
of  three  different  strains;  streptwsycin- sensitive,  streptomycin-resistant, 
and  living-vaccine.  The  characteristics  pf  these  strains  hava  been  described 
elsewhere. 


II.  MATERIALS  AND  WSTHQOS 

All  inoculations  were  made  via  the  yolk  sac  route  using  embryonated  hen 
eggs  (CE)  of  various  ages.  Appropriate  dilutions  were  made  in  gelatin- saline 
solution;  0.2  ml  amounts  were  inoculated  as  promptly  after  dilution  as  possi¬ 
ble.  Control  counts  were  obtained  by  culture  of  aliquots  of  each  dilution  on 
glucose  cysteine  blood  agar  (GCBA)  and  checked  by  nomeS:  inoculation. 

The  virulent  strains  of  P.  tularansia  were  24-fceur  cultures  from  GCBA 
slants.  The  living-vaccine  strain  had  been  lyophiliged  January  17,  J9J1J  it 
was  used  immediately  following  rehydratipn. 

The  eggs  were  candled  twice  daily,  following  inoculation}  film*  were  made 
from  eggs  found  non- viable,  stained,  and  examined?  to  eliminate  uontaminanf e . 

III.  RESULTS 


A.  STREPTOMYCIN-RESISTANT  STRAIN 


Embryonated  eggs  (CE),  4,  5,  6,  7,  and  8  days  old,  were  Inoculated  via  the 
yolk  sac  route  In  groups  of  five  each  with  doses  varying  from  one  to  3  billion 
cells;  the  results  are  '  .<v  in  Figure  1.  With  the  largest  inoculums  all 
embryos  were  dead  by  the  ing  of  the^thlrd  day.  «A  distinct  delay  in  death 
was  evident  in  the  8-day  u>  when  3  x  10  and  3  x  1©  organism#  were  inoculated. 


>«v  u  wv»v  vw  a 


-day  »«w*yw»  w>™  dead  by  tie  morn¬ 


ing  of  the  third  day,  while  the  6-,  7-  and  8-day  CE  survived  until  tba  morning 
of  the  fifth  day.  At  the  30call  level  the  100  par  coat  death  tine  of  the  4-day 
CE  was  four  days  compared  to  six  days  for  tba  7-day  CE;  there  was  one  survivor 
from  the  8- day  CE  group  at  the  30- cell  challenge  level. 


Using  the  same  streptomycin- resistant  strain  the  effect  of  adding  strepto¬ 
mycin  was  examined  In  5- day  CE.  The  drug  waa  added  at  the  level  of  230  Mi /ml 
of  inoculum.  At  all  titration,  levels,  differences' to  time  of  death  of  embryos 
with  and  without  added  streptomycin  were  insignificant-  The  actual  values 
show  a  minimal  increase  in  survival  time  of  those  CE  given  streptomycin. 
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B.  LIVING* VACCINE  STRAIN 

Various  dilutions  of  a  rehydrated,  vaccine  strain  of  P.  tularensis  were 
inoculated  into  6-day  CE  (10  at  each  dilution).  The  number  of  cells  per  egg 
ranged  from  2  to  21,000,  based  upon  plate  counts.  The  2-cell  nominal  dose 
killed  7  of  10  embryos;  as  shewn  in  Figure  2  the  time  to  death  at  higher 
dilutions  was  a  function  of  the  size  of  the  dose.  Mice  were  inoculated  with 
aliquots  of  these  dilutions;  at  eight  days  in  the  2,000-cell  group  2  of  30 
were  dead,  while  with  20,000  cellB  6  of  30  were  dead. 

C.  STREPTOMYCIN-SENSITIVE  STRAIN 

In  another  titration,  streptomycin- sensitive  and  living- vaccine  strains 
were  inoculated  into  groups  of  10*  to  11-day  CE  (no  difference  was  observed 
between  these  two  ages)  at  doses  ranging  from  3  to  11,000  cells.  Five  CE  were 
used  at  each  challenge  level  for  the  streptomycin-sensitive  strain  and  10  at 
each  level  for  the  vaccine  strain.  The  results  are  shown  in  Figure  3  All  CE 
inoculated  with  11,000  cells  of  the  streptomycin-sensitive  strain  were  dead  on 
the  morning  of  the  sixth  day  at  which  time  CE  Inoculated  with  an  equal  number 
of  attenuated  organisms  were  just  beginning  to  die.  By  the  seventh  day,  the 
maximum  kill  from  all  doses  had  been  obtained  with  the  virulent  strain.  Some 
CE  survived  at  the  110-cell  level,  and  below,  with  both  strains.  Aliquots  of 
the  vaccine  strain  were  inoculated  into  white  mice;  with  a  dose  of  1,750 
organisms  1  of  30  mice  died,  while  with  17,500  cells  5  of  30  died. 

IV.  DISCUSSION 


Within  the  scope  of  this  study,  the  age  of  the  chick  embryo  at  time  of  yolk 
sac  inoculation  influences  the  outcome  with  all  strains  of  P.  tularemia  ex¬ 
amined.  The  "break  point"  appears  to  be  between  eight  and  ten  days;  older  CE 
may  survive  challenge  with  the  living-vaccine  strain.  With  younger  CE  the  time 
to  death  is  a  function  of  the  size  of  the  inoculum. 

The  time  to  death  of  embryos  is  such  that  CE  inoculation  does  not  appear  to 
offer  any  advantages  over  direct  culture  or  guinea  pig  Inoculation  as  a  diag¬ 
nostic  procedure.  No  effort  was  made  to  determine  the  presence  of  organisms 
prior  to  death. 

Based  on  time  to  death  of  CE  there  is  no  evidence  that  the  streptomycin-re¬ 
sistant  strain  has  any  streptomycin-dependence. 

Regardless  of  age  of  CE  or  dose  level,  when  comparable  numbers  of  cells  are 
injected  via  the  yolk  sac  the  virulent  strain  kille  more  rapidly  than  does  the 
vaccine  strain.  It  would  seem  that  CE  inoculation  might  be  useful  in  the  study 
of  attenu  at ion  for  the  development  of  vaccine  strains. 

Following  Inoculation  with  the  attenuated  strain,  the  prolonged  time  to 
death  of  older  CE,  if  death  does  ensue,  should  provide  a  useful  method  for 
checking  the  presence  of  contaminants  In  vaccine  preparations. 
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FIGURE  2.  PATHOGENICITY  OF  VACCINE  STRAIN  OF  P  TULARENSIS 
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V.  CONCLUSIONS 


The  response  obtained  following  inoculation  via  the  yolk  aac  of  various 
strains  of  F.  tularenaia  in  enbryonated  eggs  has  been  described.  The  nethod 
has  no  apparent  advantages  as  a  clinical  diagnostic  teat,  but  say  be  useful 
in  the  assay  of  a  live  vaccine  or  in  the  detection  of  contaminants  in  vaccine 
assays. 
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STUDIES  ON  PASTE UREUA  TUIARSNSIS 

EVALUATION  OF  A  LIVING  VACCINE  FOR  TULAREMIA. 
(Hornick,  Vosti) 

I .  INTRODUCTION 


Russian  investigators  have  been  working  on  the  development  of  attenuated 
■trains  of  Pasteurella  tularensls  as  vaccines  for  a  number  of  years  and  have 
obtained  several  strains  which  seem  to  fulfill  their  requirement s,-'  These 

have  been  extensively  used  in  the  vaccination  of  laboratory  workers  and  in  a 
large  number  of  people  in  endemic  areas  of  the  Soviet  Union.  Investigations 
in  laboratory  animals  by  Medical  Unit  personnel  will  be  presented  in  other 
parts  of  the  present  annual  report.  The  purpose  of  this  report  is  to  present 
serial  data  on  the  vaccination  site,  regional  or  systemic  reactions,  sero¬ 
logical  response,  and  the  results  of  skin  testing  in  a  group  of  volunteers 
vaccinated  with  an  attenuated  strain  of  P.  tularensis. 

II.  MATERIALS  AND  METHODS 

The  vaccine  used  in  this  study  was  prepared  by  Elgelsbach^^  from  an 
"immunogenic"  variant  recovered  from  an  ampule  of  Russian  "viable  tularemia 
vaccine".  After  adjustment  to  a  count  of  approximately  10^  organisms  per  ml 
It  had  been  lyophilized  and  held  for  several  months.  Upon  dehydration  plate 
dilution  counts  Indicated  a  similar  level  of  viable  organisms.  Mouse  viru¬ 
lence  levels  of  two  ampules  at  rehydration  gave  the  following  result*  (Yager): 

Ampule  A  Ampule  B 

Dose  Deaths/Total  Dose  Deaths/Total 
20,000  6/30_  17,500  5/30 

2,000  2/30  lt 750  1/30 

After  a  preliminary  trial  in  two  volunteers,  a  group  of  22  young  white 
male  volunteers  with  no  known  history  of  previous  infection  with  P.  tularensis 
were  selected .  On  April  lb,  1958 ;  they  were  vaccinated  alternating  between 
the  right  and  left  arms  by  the  following  procedure:  the  upper  era,  was  cleansed 
with  ether  in  a  manner  similar  to  the  preparation  done  prior  to  smallpox  vacci¬ 
nation.  One  hundred  and  fifty  needle  punctures  were  made  over  an  area  approxi¬ 
mately  10  mm  in  diameter  with  Just  enough  pressure  to  raise  a  slight  sere- 
sanguineous  response.  To  this  site  1  to  2  drops  of  vaccine  (1  billion  cells/ 
mi  lyophilized  vaccine,  Ampule  B,  rehydrated  with  distilled  water)  were  applied 
with  the  aid  of  a  capillary  and  bulb  instrument  similar  to  that  used  for  small¬ 
pox  vaccination.  The  site  of  vaccination  was  allowed  to  air  dry;  no  dressing 
or  cover  ether  than  normal  clothing  was  worn.  These  men  were  seen  daily  for 
two  weeks,  twice  dally  for  the  next  two  weeks  and  at  approximately  monthly 
intervals  thereafter.  They  were  questioned  at  these  times  as  to  the  possibility 
of  systemic  or  local  reactions.  Their  temperatures  were  recorded  and  Inspection 
of  the  vaccination  area  was  also  made  for  possible  regional  adenopathy.  The 
vaccination  sites  of  two  randomly  chosen  individuals  were  studied  serially  by 
photography.  At  appropriate  intervals  blood  was  drawn  for  agglutination  studies 
and  for  paper  electrophoresis  of  serum  proteinB.  The  agglutination  titers 
(against  P.  tularensis  SCKU  4  killed  organisms)  were  read  at  the  last  level  of 
positivity  and  1+  end  points  reported. 
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III,  RESULTS 

Observation  revealed  erythema  averaging  10,1  tn  at  24  hours.  At  one  month 
the  average  diameter  was  7.8  mm  but  of  a  such  fainter  color.  Induration  was 
never  marked  and  was  usually  gone  by  the  first  week.  Figure  1  shows  selected 
views  of  *  vaccination  site.  Vesicular  pustular  lesions  were  noted  in  8  of  22 
(36%)  of  the  patients  and  usually  occurred  in  the  second  week  after  vaccination; 
their  presence  was  usually  noted  for  a  week  or  less.  All  vaccination  sites  were 
fading  or  had  disappeared  in  one  month. 

Regional  adenopathy  was  observed  in  16  of  22  patients.  Its  onset  was  noted 
in  25  par  cant  of  tbeee  by  the  second  day  and  in  50  per  cent  by  the  first  week. 
Adenopathy,  when  observed,  was  usually  minimal,  varying  from  ahotty  to  0.5  to  1 
cm  nodes;  in  only  one  patient,  who  also  had  the  largest  vaccination  site  measur- 
ing  15  to  17  mm  in  diameter,  a  3  to  4  cm  node  was  found.  There  were  no  systemic 
reactions. 

Base-line  serological  studies  revealed  that  16  of  the  22  patients  had  nega¬ 
tive  tularemia  agglutinin  titers  while  six  had  positive  titers,  three  at  1:10 
and  threa  at  1:20  (Figure  2).  All  patients  showed  an  8-fold  rise  in  titer  by 
the  sixth  week.  It  may  also  be  seen  that  the  serological  response  reached  a 
plateau  between  the  fourth  and  aixth  week  post-vaccination  and  that  this  plateau 
persisted  to  date  (19th  week)  with  a  slight  decline  at  the  31st  week.  The  degree 
of  serological  response  could  not  be  correlated  with  the  slae  of  the  vaccination 
site. 

Skin  tasting  at  the  fifth  week  revealed  15  of  22  patients  to  have  a  positive 
test  (0.1  ad  of  tularemia  skin  test  material  Injected  intrsdermally  in  the  flexor 
surface  of  the  forearm.  Read  as  positive  If  erythema  and  edema  1  cm  in  diameter 
or  greater  were  present  at  48  hours) .  There  was  no  correlation  between  the  posi¬ 
tivity  of  the  skin  test  and  the  degree  of  response  In  the  agglutinin  titer. 

Eleven  of  the  16  patients  with  adenopathy  also  had  positive  skin  tests  while  four 
with  positive  skin  tests  had  no  regional  adenopathy. 

Complete  evaluation  of  the  serial  serum  protein  electrophoretic  fractions 
has  not  been  obtained  but  a  superficial  survey  would  suggest  that  there  are  no 
marked  changes  observed  by  this  technique. 

tV.  CONCLUSION 

Vaccination  with  an  attenuated  strain  of  P.  tularenuia  did  not  produce  sig¬ 
nificant  systemic  reactions  and  regional  adenopathy  was  minimal.  The  serological 
response  is  similar  to  that  obtained  following  infection  with  a  virulent  strain 
«uu  persists  at  a  high  level  for  at  least  31  weeks. 


FIGURE  I.  VACCINATION  SITE  (A)  2  t>AYS  POST-VACCINATION, 
(B)I6  DAYS  POST- VACCINATION,  <029  PAYS  POST¬ 
VACCINATION. 


LITKKATUKa  CITED 


U.  S'  Army  Medical  Unit,  Walter  Ra*a  Army  Medical  Center:  ,rViable 
Bacterium  tulbrenne  vaccine,  A  Review  of  Selected  Artlclea,"  Fort  Detrick, 
September  195®. 

Eigelebach,  H.T.,  Down*,  C.M. ,  and  Herring,  R.D. ;  "Comparative  iHeunogeit" 
lcity  of  live  and  killed  tularemia  vaccine*  for  the  mouae  and  guinea  pig," 
Bact  Proc,  page  74,  1958. 


STUDIES  ON  PASTE URKLIA  TULARENSIS 

EFFECT  OF  DUOLITE  TREATMENT  ON  GROWTH  PROMOTING  PROPERTIES  OF  BLOOD  AND  PLASMA 

(Ward,  Trosselt,  Gaspar) 

I.  INTRODUCTION 

Work  of  Huddleson  reported  in  1957.1/  indicated  that  treatment  of  certain 
blood  specimen*  with  cationic  exchange  resins,  particularly  Duolite  C-3^®+\ 
markedly  enhanced  their  ability  to  support  tie  growth  of  Brucella  organisms. 
The  conclusion  reached  by  Huddlesnn  on  the  basis  of  this  work  wse  "That  tha 
growth  of  brucella  cells  in  a  mixture  of  culture  medium  (peptone  typo)  and 
blood  is  not  due  to  the  gr»wth»promot log  constituents  in  the  medium  but  to 
the  presence  of  sn  agent  or  agenta  that  inactivate  the  bacterial  growth-in- 
hlbitlng  factor  usually  present  in  normal  blood.  The  blood  then  baccnes  an 
excellent  culture  medium."  He  presented  data  which  demonstrate  beyond  doubt 
that  treatment  of  blood  from  the  three  species  studied  (cow,  horse,  and  sum) 
with  sufficient  cationic  exchange  resin  in  the  hydrogen  form  to  lower  the  pH 
of  the  specimen  to  6.0  to  6.2  does  produce  an  excellent  culture  medium  which 
promotes  rapid  growth  of  small  numbers  of  organisms  of  test  strains  of  all 
apecies  of  Brucella.  Further,  if  procedures  described  are  carried  out  in  a 
closed  container  (vaccine  bottle  with  rubber  diaphragm  stopper),  the  arti¬ 
ficial  addition  of  carbon  dioxide  (CO2)  for  tha  growth  of  C02- dependant 
attains  of  Brucella  abortna  was  found  to  become  unrecessary. 

In  view  of  the  facts  that  Paateurella  telarengla  (1)  In  certain  respecta, 
resembles  closely  organisms  of  the  Brucella  group  and  (2)  ia  difficult  to 
Isolate  consistently  from  the  blood  atream  of  known  infected  animals  and  sun, 
particularly  early  in  disease,  it  occurred  to  us  that  attempts  to  adapt  simi¬ 
lar  methods  to  studies  with  this  organism  might  be  fruitful.  It  was  also 
hoped  that  investigations  into  the  basic  mechanisms  involved  in  the  tremendous 
enhancement  of  growth  of  small  inocula  might  give  useful  information  necessary 
for  development  of  selective  media  for  the  isolation  of  P.  tularemia  from 
clinical  specimens,  other  than  blood,  normally  containing  other  filer*  which 
rapidly  overgrow  this  organism  when  present  aafhsds  are  «hs4= 

For  purposes  of  discussion,  the  work  dene  to  date  may  be  conveniently 
divided  into  three  sect tout : 

Part  I.  Attempts  to  repeat  Huddle son's  observations  with  Duo¬ 
lite- treated  blood  and  plasma,  using  P.  tularensls  as  the  tost  organism; 

Part  II.  Attempts  to  adapt  the  Huddlesou  technique  to  blood  culture 
work  with  s/Eperissntai  animals  and  man; 

Part  III.  Biochemical  studies  on  factors  Involved  in  the  enhancement 
of  growth  of  small  inocula  in  resin- treated  bleed  and  plasms. 


ATTEMPTS  TO  REPEAT  HUDDLES OK'S  OUSIEVATIOH8  WITH  DUQLITE- TREATED  BLOOD  AND 
PLASMA  USING  9.  TUIAREHSIS  AS  THE  TEST  ORGANISM 

A.  MATERIALS  AND  METHODS 


1.  Bacterial  suspension  far  ine-culu* 

The  organism  used  In  all  experiments  vaa  the  strsptoayc in- sensitive 
SCHU  atrain  of  P.  tularensls.  A  heavy  culture  vat  grown  for  24  houra  at  37*C 
on  plataa  of  glucose -cystine  blood  agar  (GCBA)  prepared  with  Bacto  cystine 
heart  agar  ba~>e  (Dlfeo)  and  5  per  cent  defibrlnated  sheep  blood.  A  Concen¬ 
trated  bacterial  suspension  was  made  by  emulsifying  the  growth  from  one  or 
bk>m  of  those  plates  In  2  to  5  ml  amounts  of  tryptose- saline  (0.1  par  cent 
Bacto  tryptose  In  G.5  per  cent  aallne,  adjusted  to  pH  7.2  to  7.4).  This  sus¬ 
pension  was  adjusted  to  approximate  a  predetermined  density  as  measured  by 
the  Ewsch  and  Lamb  Spectrotronlc  20  colorimeter.  Light  transmittance  of  the 
suspensions  was  determined  at  four  different  wave  lengths  for  the  Initial 
calibration  and  in  preparation  of  subsequent  suspensions.  The  adjusted  sus- 
pension  was  subsequently  diluted  serially  to  thrt  concentration  which  would 
give  the  de aired  number  of  organlama  In  0.2  ml,  the  volume  used  as  Inoculum 
for  all  tests.  All  density  adjustments  and  dilutions  were  made  with  the 
tryptoae-sallne  aolutlon.  A  total  inoculum  of  50  to  100  cells  was  used  in 
all  experiments  and  in  two  seta  of  tests,  lnocula  of  5  to  10  cells  were  also 
employed. 

2.  Preparation  of  test  and  control  blood  and  plasma  sample 8 

Duollte  C-3^h+^,  manufactured  by  Chesdcal  Process  Company,  Redwood 
City,  California,  wits  used.  This  is  a  phenolic,  matrix  with  methylene  sulfonic 
acid  as  the  functional  group.  It  was  washed  and  titrated  for  each  batch  of 
bleed  er  »laama  exactly  as  prescribed  by  Kuddlesoni': 

"The  resin  granules  are  added  to  several  volumes  of  distilled  water 
in  a  glass  beaker  and  etlrred.  When  the  large  particles  have  settled, 
pour  off  the  turbid  supernatant.  Repeat,  adding  distilled  water,  stirring 
and  decanting  until  the  supernatant  is  clear. 

"Four  washed  granules  into  a  Buchner  funnel  containing  No.  1  filter 
paper,  or  a  coarse  fritted  glass  filter.  Remove  surplus  water  by  suction. 

’’Spread  re a lu  granules  on  paper.  Dry  for  24  houfcs  at  37®C .  Store  in 
a  closed  bottle." 

For  each  experiment,  the  resin  granules  are  titrated  with  blood  or 
plasma  In  order  to  determine  the  amount  that  should  be  used  to  obtain  a  pH  of 
6.0  to  6.2. 
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’’Titration.  Weigh  out  0.3,  0.4,  and  0.5  grama  of  the  granules.  Add 
each  amount  to  a  50  ml,  glaec  bottle.  To  each  add  2  ml,  of  a  5  per 
cent  solution  ef  sodium  citrate  and  10  ml.  of  wnclotted  blood.  Mix 
the  added  agants  well.  At  the  and  of  two  hours  at  room  tomparatura 
pour  the  mixture  into  a  glass  banker  and  read  the  pH  (glass  electrodes) . 
The  pH  recorded  will  be  near  or  the  same  as  that  recorded  after  3-6 
day*  incubation  in  a  closed  (rubber  stopper)  bottle  containing  the 
tame  agents.  It  Is  net  necessary  to  conduct  the  titration  asaptically 

After  titration,  the  determined  amounts  of  Duolltt  were  weighed  out 
and  placed  In  60-ml  vaccine  bottles  to  which  were  added  2.0  ml  of  e  5  per  cent 
sodium  citrate  solution  (referred  to  hereafter  as  citrate).  After  being  plugged 
with  cetton,  the  bottles  were  autoclaved  at  121*C  for  20  minutes  and  allowed  to 
cool  to  room  temperature.  The  cotton  plugs  were  then  replaced  with  sterile 
rubber  diaphragm  vaccine  stoppers. 

Using  a  syringe  and  needle,  10  ml  aliquots  of  test  bloods  were  intro¬ 
duced  into  the  bottles  and  the  contents  mixed  thoroughly  by  rotation. 

In  one  early  experiment  two  types  of  control  bottles  were  prepared; 
one  with  10  ml  of  blood  plus  2  ml  of  5  per  cent  citrate  without  Duollte  and 
the  other  with  12  ml  (to  make  total  volunae  comparable)  of  defibrlneted 
blood  without  either  Duollte  or  citrate.  In  subsequent  experiments  only  the 
second  control  bottle  was  used,  since  5  per  cent  citrate  alone  In  blood 
inhibited  the  growth  of  P.  tularemia. 

In  several  experiments  plasma  obtained  by  centrifugation  e£  deflbri- 
nated  blood  was  substituted  for  whole  blood.  The  procedures  used  fox  pre¬ 
paration  and  testing  were  the  same  in  both  cases. 

In  all  cases,  the  blood  specimens  were  used  within  72  hours  of  collec¬ 
tion  and  samples  from  individual  animals  were  pooled  before  titration. 

3.  Test  Procedures 

Test  and  control  bottles  were  each  inoculated  with  0.2  ml  aliquots 
of  the  test  suspension.  The  initial  dosage  of  organisms  is  expressed  as  the 
number  per  milliliter  of  culture  fluid,  i.e.,  6  organisms  In  12  ml  of 
culture  fluid  Is  expressed  as  0.5  organlsms/ml.  Similar  aliquots  ef  the 
suspension  were  plated  on  four  or  mere  plates  of  GO  BA  te  determine  the  actual 
number  of  cells  used  for  Inoculum. 

The  bottles  were  incubated  in  an  Amiac^Dub-ef f  shaker  incubator 
equipped  with  a  water  bath  adjusted  to  37*C.  During  the  incubation  period 
the  shaker  was  operated  at  125  cycles  per  minute.  All  pl(  “.es  and  those 
duplicate  bottles  in  experiments  designed  to  compere  shaker  with  static 
cultures  were  incubated  in  a  water- Jacketed  incubator  at  37*0.  Sufficient 
duplications  of  test  and  control  bottles  were  prepared  te  allow  for  removal 
of  samples  for  examination  at  the  12,  24,  44,  and  72  hour  time  periods. 
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The  method  of  examinat ion  was  as  follows: 

Four  aliquots  of  0.2  sd  sack  wars  renewed  from  each  bottle  with  a 
sterile  tyrlnje  and  needle  and  Inoculated  on  to  plates  ef  GCEA.  This  inoculum 
was  spread  ever  the  entire  surface  of  the  plates  with  the  conventional  type  of 
glaea  spreading  rod.  If,  on  th«  basis  of  previous  experience,  confluent  growth 
was  expactad,  serial  dilutions  ef  the  material  were  made  in  tryptoaa-sallne  and 
0.2  ml  aliquots  of  the  dilutions  were  similarly  plated.  These  plates  were 
incubated  as  described  above  for  72  hours  before  making  final  counts  to  deter- 
miuS'^ka  extent  of  bacterial  multiplication. 

B.  RESULTS 

A  summary  ef  results  of  all  experlsmnts  to  determine  the  effect  of  Duollte- 
treatmant  on  tha  growth  of  P.  tularenala  in  rabbit,  sheep,  and  human  blood  Is 
given  in  Table  I. 

TAILS  I.  EFFECT  OF  DUOLITE  ON  THE  GROWTH  OF  P.  TULARENSIS  IN  SHEEP, 

RABBIT,  AND  HUMAN  BLOODS 


MEAN  RECOVERY  org/ml  of  culture  fluid 


INCUBA¬ 

TION 

TIME 

hours 

;  Sheep  Blood 

Human  Blood 

(1  trial) 

Mi 

BMP 

w/o  Duollte 

w/Duollte 

w/o 

Duollte 

w7 

Duollte 

KBQ] 

EBH3I 

3.5/ml 

msKsm 

0.5/ml 

taanm 

5 ,7 /ml 

12*' 

a 

5 

43 

20 

87 

<  1 

nd£/ 

ND 

24 

38 

1 

25  | 

530 

1 

3 

80,000 

1 

13,000 

60 

11,000 

48 

8 

500 

1,600 

' 

6 

4.0  x  109 

2.1  x  109 

1,600 

2.5  x  106 

72 

lJU 

50,000 

100,000 

H 

5.7  x  109 

5.3  x  109 

12,000 

L.O  x  10s 

a.  These  figures  represent  the  average  number  of  organisms  per  milliliter  of 
culture  fluids  used  ss  isccula  in  replicate  experiments.  The  extremes 
observed  with  the  larger  lnocula  were  4.2  and  6.6,/ml  and  In  the  two  experi¬ 
ments  with  smaller  lnocula,  the  control  counts  were  identical  0.5/ml. 

b.  Counts  at  12  hours  were  made  for  sheep  blood  only  once.  Counts  for  rabbit 
blood  arc  the  average  of  3  experiments. 

c.  ND  indicates  no  data. 


1  le  recoveries  given  in  the  table  are  the  arithmetic  means  of  average  plate 
counts  obtained  in  three  separate  trials  In  the  cess  of  shoe p  blood,  five 
trials  with  rabbit  blood  and  a  single  experience  with  human  blood.  Included 
in  the  table  also  are  the  results  obtained  when  the  inoculum  sise  was  reduced 
by  one  log  (from  5.7/ml  to  0.5/ml)  in  two  experiments  with  rabbit  blood  only. 
Table  II  presents  the  same  data,  with  the  elimination  of  the  results  with  the 
smaller  inoculum,  rearranged  to  give  a  direct  comparison  of  the  effect  of 
blood  of  the  three  species  on  growth  of  P.  tularensls  before  end  after  treat¬ 
ment  with  Duolite. 

TABLE  II.  COMPARISON  OF  MEAN  RECOVERIES^  OF  P.  TULARBNSIS  IN  BLOODS 
FROM  DIFFERENT  SPECIES  AT  VARIOUS  INCUBATION  TIMES 
MEAN  INOCULUM:  5.7  org/al  of  culture  medium 


TEST 

BLOOD 

DUOLITE 

RECOVERY  org/ml  of  culture  fluid 

TIME  OF  INCUBATION 
hours 

12 

24 

4  ft 

75 

Sheep 

None 

<  1 

38 

8 

510 

Rabbit 

43 

530 

1,600 

100,000 

Human 

ND^ 

60 

1,600 

12,000 

Sheep 

Present 

<  5 

25 

500 

50,000 

Rabbit 

87 

80,000 

4  x  109 

5.7  x  109 

Human 

TSD  j 

_ 1 

11,000 

2.5  x  !06 

1  s  IS® 

a.  Recoveries  in  number  of  organisms  per  ml  of  medium  expressed  as  the 
arithmetic  mean  of  available  mean  counts. 

b,  NO  Indicates  No  Data. 

It  is  readily  seen  from  these  tables  that  both  rabbit  and  human  blood 
are  superior  to  that  of  the  eheep  for  growth  of  P.  tularensls  and  that  the 
Duolite  treatment  markedly  enhances  the  growth  of  the  organism  in  blood  of 
all  three  species. 

Of  special  interest,  are  the  data  in  Table  1  dealing  with  results  of 
the  two  experiments  in  which  the  standard  Inoculum  uped  in  previous  tests 
was  reduced  10-fold.  There  was  evidence  of  continued  awl tipi lest ion  of 
the  organisms  in  untreated  rabbit  bloods  Inoculated  with  approxirately  70 
organisms.  However,  when  the  Initial  number  of  cells  was  reduced  to 
approxistttely  6  organisms  in  12  ml  blood,  there  appeared  to  be  some  multi¬ 
plication  within  the  first  12  hours  but  none  thereafter.  In  Duolite- 
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treated  rabbit  blood  examined  in  parallel,  approximately  the  aame  count!  were 
obtained  after  the  first  12  hour*  regardleaa  of  else  of  inoculum. 

In  the  work  with  sheep  and  rabbit  blood*  where  the  results  of  three  to  five 
replicate  experiments  are  available,  remarkably  little  variation  from  one  experl* 
meat  te  another  was  observed,  despite  the  use  of  different  batches  of  blood  and 
the  axparimjntal  error  Inherent  in  procedures  involving  sampling  and  counting. 
For  these  experiments,  It  was  net  feasible  te  plate  at  identical  time  intervals) 
consequently,  those  results  given  for  24,  48,  and  72  hours  varied  as  much  as  two 
to  four  hours  either  way  from  experiment  to  experiment.  While  the  generation 
time  of  F.  tularensls  in  Duolite-treated  blood  cannot  be  accurately  calculated 
from  available  data,  in  the  period  between  24  and  48  hours  it  appears  to  be 
between  30  to  60  minutes.  Consequently,  counts  made  during  this  period  would  be 
expected  to  vary  as  much  as  one  log  or  more  in  any  two  to  four  hour  period. 

The  foregoing  results  were  all  obtained  under  the  conditions  selected 
initially  as  standard  procedure:  l.e.,  using  whole  deflbrinated  blood,  with 
and  without  Duolite  treatment,  prepared  in  vaccine  bottles  with  rubber  diaphragm 
closures  and  incubated  on  a  shaker  with  constant  temperature  water  bath. 

Several  variations  of  this  procedure  were  added  to  occasional  experiments 
as  time  permitted: 

(1)  A  comparison  of  static  with  shaker  incubation  conditions  for 
treated  and  untreated  bloods.  (Table  111) 

TABLE  III.  COMPARISON  OF  STATIC  VS  SHAKER  INCUBATION  USING  DUOLITE-TREATED 
RABBIT  BLOOD 
INOCULUM:  0.5  org/ml 


INCUBATION 

RECOVERY  org/ml  of 

culture  fluid  AT 

INDICATED  TIME  INTERVALS 

CONDITION 

24  hours 

48  hours 

72  hours 

Static 

(water  Jacketed 
incubation  37*C) 

>1.5  x  104 

2,5  x  103 

2.5  x  108 

Shaker 

(Amino- Dubnoff 

37 °C  vater  bath 
125  strokes/min) 

>  1 . 5  x  104 

4.2  x  109 

5.7  x  109 

(2)  A  comparison  of  the  growth  promoting  properties  of  whole  blood  with 
plasma,  with  and  without  Duolite  treatment.  (Table  IV) 


(3)  A  study  of  the  effect  of  remo/al  of  the  Duolite  after  initial  treat* 
meat  but  prior  to  inoculation  with  the  test  organism.  (Table  IV) 
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In  each  case,  experience  was  United  to  a  single  trial. 

It  appears  that  counts  obtained  in  shake  cultures  of  3t/ttOliti*tKfit®» 
rabbit  blood  arc  about  one  log  higher  than  those  obtained  front  similar 
preparations  incubated  undar  static  conditions..  (Table  1X1) 

The  data  in  Table  IV  are  of  theoretical,  as  well  as  practical,  interest. 

TABLE  IV.  COMPARISON  OF  RABBIT  BLOOD  AND  RABBIT  PLASMA  WITH  DUOLITE  PRESENT 
AND  DUOLITE  REMOVED  AFTER  TREATMENT 
INOCULUM ;  0.5  org/ml  Shaker  incubated 


RECOVERY  org/ml  "of 

culture  fluid  AT  INDICATED  TIME  INTERVALS 

MEDIUM 

24  hours 

48  hours 

72  hours 

Blood  +  Duolite 

>  1.5  x  104 

4.2  x  109 

9 

5.7  x  KT 

Blood  -  treated 
but  Duolite 
removed 

>  1.5  x  IQ4 

>  5.0  x  107 

5.8  x  109 

Plasma  +  Duolite 

5 

<  5 

<  5 

Plasma  -  treated 
but  Duolite 
removed 

1.7  x  103 

1.5  x  107 

1.9  x  109 

There  is  appsrsntly  no  r?sl  diffsrsnes  in  counts  obt jiosd  is  Due  1  i to-  treated 
rabbit  blood  under  the  two  experimental  conditions ;  however,  it  would  appear 
that  the  Duolite  must  be  resoved  fron  the  plasma  prior  to  inoculation  and  in¬ 
cubation  if  one  is  to  achieve  enhancement  of  growth  of  P.  tularenais  in  this 
medium.  In  this  connection  it  is  of  interest  to  note  that  the  amount  of  Duo¬ 
lite  required  to  adjust  the  pH  of  10  ml  of  rabbit  plasma  to  the  desired  range 
of  6.0  to  6.2  la  almost  exactly  one-half  the  amount  raquirad  for  the  same 
volume  of  whole  blood.  No  satisfactory  explanation  for  this  observation  can 
be  given  at  the  present  time,  although  it  seems  possible  that  the  buffering 
action  of  erythrocytes  might  be  involved.  The  complete  reversal  of  the 
stimulatory  effects  of  Duolite  on  growth  of  P.  tularensis  in  pretreated  plasma, 
observed  when  the  resin  was  left  in  the  plasma  during  the  incubation  period 
came  as  a  surprise.  It  had  previously  been  observed  by  Huddlesen,  end  also 
by  us,  that  an  equilibrium  in  pH  is  reached  in  J>uolite-fcreated  whole  blood  in 
a  maximum  of  two  hours  and  that  no  further  changes  occurred  in  periods  of 
observations  up  to  five  days  in  uninoculated  bottles.  It  was  assumed  that 
the  same  thing  would  be  true  of  plasma  and  no  pH  determinations  were  made 
after  the  2-hour  period  chosen  for  initial  titrations;  consequently,  we  do 
not  know  whether  the  inhibitory  effect  of  the  presence  of  Duolite  in  the 
plasma  during  the  incubation  period  was  one  of  slowly,  developing  changes 


in  pH  or  o£  some  other  factor. 

C.  CONCLUSIONS 

1.  Duollte  treatment  markedly  enhances  the  growth  of  ?.  tularensia  In 
rabbit,  aheap,  and  human  bloods. 

2.  Duollte  treated  rabbit  and  human  blood  are  superior  to  sheep  blood  for 
growth  of  f .tularensia. 

3.  Based  on  only  one  experiment,  shaker  culture  Is  superior  to  static, 
culture. 


4.  Based  on  only  one  experiment,  pi a sue  treated  with  Duollte  but  with  the 
Duollte  reawved  before  Inoculation  supports  growth  of  P.  tularensia  In  a 
comparable  fashion  to  Duollte  treated  whole  blood. 


Ill 


PART  II 
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ATTEMPTS  TO  ADAPT  THE  HUDDLES ON  TECHNIQUE  TO  BLOOD  CULTURE  WORK  WITH  EXPERI* 
”-*TAL  ANIMALS  AND  MAN 

Experience  to  date  haa  been  United  to  a  single  study  using  bloods  of 
experinentally  Infected  monkeys, 

A.  MATERIALS  AND  METHODS 

Blood  specimens  were  collected  from  36  monkeys  selected  from  a  total  of 
72  animals  challenged  with  B.  tularenals  by  the  respiratory  route  on  May  15 
and  16,  1958,  and  reported  In  detail  elsewhere.  Half  of  the  entire  group  had 
received  0.5  ml  of  a  viable  P.  tularenals  vaccine  three  months  before  challenge. 
Therapy  consisted  of  7-day  or  14-day  courses  of  tetracycline  0.6  gm  dally  in 
fei r  equally  divided  doses,  started  on  the  second  temperature  above  104. 0*F. 
Each  of  the  36  animals  was  bled  twice  dally  at  0800  and  1600  hours  on  days  1, 

2,  3,  5,  and  7  post-challenge.  Two  milliliters  of  blood  wore  collected  at 
each  bleeding  and  Inoculated  directly  into  15  ml  vaccine  bottles  with  rubber 
diaphragm  stoppers.  These  bottles  had  been  previously  prepared  with  appropri¬ 
ate  amounts  of  Duolite-citrate  mixture,  as  determined  by  titrations  carried 
out  on  pooled  monkey  blood  by  procedures  described  in  Part  I. 

All  specimens  were  Incubated  for  72  hours  In  a  water-jacketed  incubator 
at  37*C;  two  0.4  ml-aliquots  from  each  bottle  ware  then  plated  on  GCBA. 

These  plates,  in  turn,  were  also  Incubated  as  before  for  72  hours  before 
making  final  counts. 

B.  RESULTS 

The  results  of  these  isolation  attempts  are  presented  in  Table  V.  Animals 
in  Groups  I  through  VI  received  a  challenge  doae  of  approximately  1,300  cells 
and  these  In  Groups  VII  through  XII,  approximately  130,000  cells. 

As  can  be  seen,  P.  tularansis  was  recovered  from  24  of  36  animals.  With 
only  one  exception  (No.  T-7,  high  dose.  Group  X)  the  first  Isolation  from  each 
positive  animal  was  recovered  from  a  blood  specimen  drawn  within  the  first  24 
hours  of  clinical  illness  aa  determined  by  onset  of  fever.  In  the  low  dose 
group,  four  isolations  were  obtained  from  specimens  dravn  8  to  16  hours  before 
the  appearance  of  the  first  fever  spike,  all  in  non-vacclnates.  In  contrast 
only  one  isolation  was  made  prior  to  the  onset  of  fever  in  the  high  dose  group. 
Tt  la  perhaps  also  of  Interest  that  only  8  of  18  vaccinated  animal#  yielded 
positive  cultures,  whereas  16  of  18  of  the  non-vacclnates  had  datectahle 
bacteremia. 

C.  CONCLUSIONS 

Using  this  method  positive  blood  cultures  were  obtained  with  considerable 
frequency  in  the  late  incubation  or  early  febrile  phases  of  monkey  tularemia. 
The  possible  meaning  of  such  findings  is  discussed  elsewhere. 
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TABLE  V,  ATTEMPTS  TO  ISOLATE  F.  TUIARENSIS  FROM  DUOLITE- TREATED  BLOODS  OF 

MONKEYS  EXPOSED  TO  APPROXIMATELY  1300  AND  130,000  CELLS  BY  AEROSOL 


DAY 

THERAPY 

DIFFERENCE  BETWEEN 

ANIMAL 

DAY 

POST 

-EXPOSURE 

FIRST 

ONSET 

EuURS-^' 

FIRST  POSITIVE  CUL- 

GROUP 

NO. 

H 

H 

3 

H 

FEVER 

TUSE  &  FIRST  FEVER 
HOURS—/ 

Egacga 

ESI 

posed  Mi 

y  15.  1958 

1  Vaccine 

"  No  Rx 

I 

ii'lllS 

• 

+ 

+ 

4 

4 

dB7 

4 

3  pm 

2  pm 

None 

None 

♦V 

T-46  I 

- 

- 

4 

4 

4 

3  pm 

0 

II  Vaccine 

iTn 

■ 

B 

mm 

- 

2  pm 

148 

7 -day  Rx 

B 

tn 

- 

2  mid 

48 

■ 

Hi 

H 

H 

- 

?  P» 

48 

III  Vac- 

ram 

■ 

mm 

■ 

■9 

■ 

2  pm 

No  Isolation 

cine 

BSm 

■ 

■ 

■ 

1 

2  pm 

No  isolation 

14 -day  Rx 

EM 

1 

1 

1 

Hi 

1 

2  mid 

K9HH 

. . +8  _ 

IV  No  vac- 

isn 

■ 

• 

mm 

B 

a 

2  mid 

None 

48—/ 

cine 

Kin 

I 

- 

B 

B 

B 

2  mid 

None 

48 

No  Rx 

EsjH 

Hi 

+  _ 

H 

H 

B9 

2  mid 

None 

-16 

V  No  vac- 

mm 

mm 

- 

B 

■OHM 

No  isolation 

cine 

loia 

1 

B 

I 

- 

1 

E^H 

-8 

7 -day  Rx 

SesR 

1 

Hi 

H 

- 

1 

BliFl 

EBB 

+8 

VI  No  vac- 

■ 

n 

n 

B 

H 

kqhhh 

-8 

cine 

E7B 

H 

I 

B 

B 

■tl 

-8 

14 -day  Rx 

e!*B 

i 

H 

Hi 

B 

BB 

H9 

EBB 

0 

EOT 

6.  1958 

VII  Vac- 

T-18 

- 

+ 

D 

-"3B0i 

None 

-16 

cine 

352 

* 

+ 

+ 

D 

H9I 

None 

+8 

No  Rx 

- 

+ 

+ 

BS 

D 

2  am 

None 

0 

VIII  Vac- 

mi 

Hi 

wm 

B 

a 

48 

No  isolation^/ 

cine 

T-17 

■ 

ml 

■;v 

m 

■|2%g£ 

48 

No  Isolation 

7 -day  Rx 

T-19 

1 

■ 

H 

0H9 

48 

No  isolation 

IX  Vac- 

T-9 

■ 

■ 

■ 

■ 

♦  16 

No  isolation 

tine 

371 

- 

- 

- 

- 

1  pm 

+8 

No  isolation 

14-day  Rx 

392 

- 

- 

- 

1  _ 
i 

- 

I  mid 

+8 

No  isolation 

X  No  vac- 

gOTH 

- 

■ 

mm 

B 

El 

1  pm 

None 

+48fE T~~~ 

cine 

TWaM 

- 

■ 

B 

B 

D 

1  mid 

None 

416 

Ho  Rx 

WSm 1 

■ 

H 

Hi 

H 

H 

2  am 

None 

0 

No  vac- 

| 

Hi 

B 

B 

a 

KESSI 

+8 

No  isolation 

cine 

7 -day  Rx 

E 

9 

H 

H 

B 

1 

HU 

48 

48 

4&/ 

XII  No  vac- 

- 

+ 

- 

- 

48 

cine 

T-45 

* 

- 

!  _ 

1  mid 

+8 

48 

14 -day  Rx 

T-47 

+ 

- 

- 

i 

2  am 

48 

.  0 

TU 

a.  Minus  sign  (-)  Indicates  culture  preceded  first  fever;  plus  sign  (+) 
indicates  culture  followed  first  fever. 

b.  D  indicates  animal  deed. 

c.  Preceding  sample  not  obtained. 

d.  Preceding  sample  contaminated. 
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IV.  PARI  III 

BIOCHEMICAL  STUDIES  ON  FACTORS  INVOLVED  IN  THE  ENHANCEMENT  OF  GROWTH  OF  SMALL 
1NOCULA  OF  P.  TULA8EMSIS  BY  RES IN- TREATED  BLOOD  AND  PLASMA 

A.  MATERIAL  AND  METHODS 

Some!  information  about  the  properties  of  Duolite  C-3^+^  was  found  In  the 
literature.  This  phenolic  methylene  sulfonic  resin  has  a  capacity  of  3. 25 
meq/gm  and  exchanges  hydrogen  ions  for  cations  in  solution,  thereby  lowering 
the  pH  of  the  material  with  which  it  is  mixed.  Elemental  analysis  of  Duolite 
Indicated  trace  amounts  of  silver,  thorium,  and  cadmium. 

The  procedure  for  treatment  of  test  samples  was  the  Huddlesoni^  method 
described  earlier.  After  treatment,  the  Duollta  was  filtered  from  the  blood 
or  plasma  and  fractionated  according  to  the  procedure  ehown  In  the  following 
diagram  (Figure  1)  to  determine  what  substances  might  have  been  removed  from 
the  specimen  by  the  resin. 

Figure  1.  The  Fractionation  of  Duolite  C-3  after  Treatment  of  Blood  or 
Plasma  Sample 


The  three  fractions  were  analysed  as  follows; 


r race lou  I 


chromatography^ 


4/ 


paper  electrophoresis^/ ,  spectrophotometry,  and  paper 
in  search  of  protein  components. 


Fraction  II:  paper  chromatography  for  amino  acide5/,  weak  basest, 
carbohydrate a°' ,  and  ninhydrln  positive  areas  other  than  amino  acidify. 

Fraction  III:  paper  chroma tographyZ^  for  inorganic  ions. 
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The  sodium  (Na+)  form  of  Duolite  C-3  was  prepared  toy  mixing  the  hydrogen 
(H+)  form  with  saturated  sodium  chloride  followed  by  water  to  wash  out  the 
excess  salt  and  hydrochloric  acid. 

Hydrogen  gas  was  generated  with  sine  and  hydrochloric  acid  in  the  con™ 
ventlonal  manner. 

Direct  current  was  obtained  from  a  RECO  power  supply  used  for  paper  electro¬ 
phoresis. 

The  pH  and  Eh  as a sure meats  were  made  with  a  Beckman  Model  G  pH  meter. 
Platinum  electrodes  were  made  by  sealing  a  \  inch  length  of  2G  gauge  platinum 
wire  in  a  3- inch  piece  of  4  mra-glass  tubing.  Contact  was  made  by  a  drop  of 
mercury.  These  electrodes  were  standardised  against  the  Beckman  platinum 
electrode  #261.  Eh  curves  were  obtained  using  an  apparatus  dlagramaatically 
shown  in  Figure  2.  Six  test  cells  were  placed  in  an  improvised  water  bath 
shaker  and  connected  to  the  potassium  chloride  (KC1)  manifold  and  distributor 
switch.  The  pH  of  only  one  cell  wa;  determined  because  only  one  glass  elec¬ 
trode  was  available. 

The  cell  used  to  provide  electrical  control  of  the  Eh  1b  diagrammed  in 
Figure  3. 

Sheep  plasma  was  used  throughout  this  study  except  where  otherwise 
designated. 

The  Btreptomycln-sensitiva  strain  of  P.  tularensla  was  used  throughout. 

Heavy  suspensions  of  the  organism  were  prepared  from  GCBA  plates  as  described 
in  Part  I. 

For  the  purposes  of  these  studies  growth  is  defined  as  increased  oxygen 
consumption  as  met sured  by  the  Warburg  re spirometer.  Data  obtained  from  two 
experiments  in  which  bacterial  counts  were  made  on  the  preparations  in  the 
Warburg  flasks  at  several  time  intervals  and  also  a  comparison  of  the  results 
of  work  with  the  Warburg  with  those  described  in  "art  I,  where  definitive 
bacteriological  work  was  done,  indicate  that  the  basic  assumption  in  this 
definition  of  growth  Is  valid. 

Test  procedures  for  Wazburg  determinations  were  as  follows:  2  al  of  plasma 
or  whole  blood  were  placed  in  a  test  flask  and  1  ml  of  tryptose-sal Ine,  con¬ 
taining  approx iiifitely  cn^  ts  three  billion  cells  of  P.  tularensis . was  intro¬ 
duced  into  the  side  arm.  The  center  well  of  each  flask  contained  0.2  ml  of  a 
5  per  cent  solution  of  potassium  hydroxide  with  a  filter  paper  fan.  The  flasks 
were  equilibrated  for  15  to  20  minutes  before  adding  the  inoculum  from  the  side 
arm.  Eero  time  was  designated  as  10  minutes  after  addition  of  the  organisms. 

B.  RESULTS  AND  DISCUSSION 

1.  Attempts  to  Identify  an  inhibiting  factor  by  chemical  methods 

Huddleson  and  others  suggested  that  Duolite  exerts  its  effect  on  the 
blood  by  removing  in  »o»>;  as  vet  undetermined,  manner  an  inhibitory  factor 


FIGURE  ?.  .  APPARATUS  FOR  pH  &  Eh  DETERMINATIONS  (DIAGRAM). 


FIGURE  3.  APPARATUS  FOR  ELECTRICAL  CONTROL  OF  Eh  (DIAGRAM). 
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TABLE  VI.  OXYGEN  COMflUKmON  OF  P.  TULARKNSIS  IN  VARIOUS  MEDIA 
(Sheep  Hood  or  Plasma  Used  ae  Base) 


smitiKicinr 

Test  Ssaple 

;ul  O2  Consumed 

In  3-4  hours 

i 

Whole  blood 

13.5 

Plasma 

18.0 

Whole  blood  4  Duollte 

23.0 

Plasma  4  Duollte 

22.8 

ii 

Plasma 

15.1 

Plasma  4  Duollte 

49.3 

Plasma  with  Duollte  removed 

51.1 

in-5/  T 

Plasma 

15.1 

Plasma  pH  6.0  with  HC1 

33.2 

Plasma  pH  6.0  with  Duollte 

41.1 

IV 

Whole  blood 

19.9 

Whole  blood  4  Kj  gas 

21.3 

Plasma 

4.0 

Plasma  4  H2  gas 

15.8 

Whole  blood 

28. 2 

Whole  blood  pH  6.0  (HC1) 

31.3 

Whole  blood  pH  6.0  (HC1)  4  H2  gas 

32.2 

Whole  blood  +  Duollte 

32.4 

Plasma 

15.8 

Plasma  pH  6.0  (HC1) 

22.0 

Plasma  pH  6.0  (HCl)  +  H2  gaa 

36.9 

Plasma  +  Duollte 

28.3 

VI 

Plasma 

14.2 

Plasma  4  Duollte  H4  (pH  6.0-titration) 

29.0 

Plasma  4  Duollte  Ha+  (pH  6.0  HCl) 

13.3 

VII 

Aged  plasma 

11.3 

Aged  plasma  +  Duollte  H4 

11.5 

Aged  plasma  4  Duollte  Na  + 

11.7 

Pmujmm 

Formal  plasma  (pH  unadjusted) 

14.2 

Plasma  +  Duollte  C-3  E4 

30.0 

Plasma  4  Duollte  C-3  H*4  (HCl) 

23.5 

Plasma  +  Duollte  C-2Q  H4 

29.0 

Plasma  4  Duollte  C-20  N*4  (HCl) 

13,3 

flaw  4  Axherrlite  1R120  H4 

33.5 

Plasma  4  Asberllte  1R120  Ha+  (HCl) 

17.4 

IX 

Normal  rabbit  blood 

*\t.  A 

4*4  •  U 

Hr,  ;mal  sheep  blood 

11.0 

RaKblt  blood  4  Duollte 

134.0 

Sheep  blood  4  Duollte 

50.0 

a.  In  these  experiments  DuoLlte  was  removed  from  blood  or  plasma  before 
inoculation. 


b.  In  this  experiment  the  pH  of  all  media  with  resin  treatment  wits 
adjusted  to  pH  6.0. 


normally  present  In  blood.  Fractionation  of  the  Duo Lite  was  tried  in  an 
attempt  to  identify  or  isolate  this  inhibitory  substance.  Fraction  I,  the 
water  wash,  was  found  to  contain  hemoglobin  as  identified  by  spectrum  analysis. 
This  material  was  apparently  only  absorbed  by  the  Duolite  since  it  could  be 
removed  easily  by  pulverizing  the  porot  resin  granules  and  washing  with  water. 
Fraction  II,  when  chromatographed,  did  not  yield  any  known  ninhydrln  areas. 

The  one  spot  observed  near  the  origin  was  presumed  to  be  an  artifact  resulting 
from  the  amnoniuin  hydroxide  treatment.  Fraction  III  was  found  to  contain  iron, 
calcium,  copper,  and  magnesium.  Iron  was  identified  by  four  specific  color 
reagents.  The  other  metals  were  in  trace  amounts  and  could  be  identified  only 
by  their  location  on  chromatograms  visualised  by  ultraviolet  light.  The  total 
inorganic  material  adsorbed  was  less  than  0.1  per  cent  of  the  amount  present 
iu  the  test  sample.  The  three  fractions  were  concentrated,  neutralised,  end 
added  back  to  Duolite-tre&ted  blood  from  which  they  were  obtained.  Growth  in 
these  test  samples  was  entirely  comparable  to  that  obtained  in  Duolite- treated 
blood.  If  a  growth- inhibiting  factor  was  adsorbed  by  the  Duolite,  it  could 
not  be  demonstrated  by  the  methods  tried. 

Paper  electrophoresis  failed  to  show  any  significant  difference  between 
normal  plasma  and  Duolite-freated  plasma.  A  protein  or  protein  complex  did  not 
appear  to  be  involved  in  the  growth  enhancement. 

4  2.  Results  of  Warburg  determinations 

While  the  information  obtained  from  oxygen  consumption  determinations 
does  not  give  accurate  Information  as  to  variations  in  bacterial  count,  such 
determinations  do  indicate  rates  of  early  enzymatic  activity  in  the  test  mix¬ 
tures.  Despite  the  fact  that  the  Inoculum  used  was  extremely  large  as  case* 
pared  to  that  used  in  the  bacteriological  studies  reported  in  Part  I,  It  was 
felt  that  perhaps  the  information  gained  by  these  measurestsnts  might  be  help¬ 
ful  in  determining  the  nature  of  the  enzymatic  or  environmental  adjustment 
the  erganiam  found  it  necessary  to  make  is  the  so-called  "lag"  phase  before 
it  could  proceed  into  the  logarithmic  phase  of  Its  growth.  If  was  also  hoped 
that  by  comparing  the  effects  of  various  changes  in  the  medium,  using  oxygen 
consumption  determinations  with  large  lnocula  on  the  one  hand  and  the  extent 
of  multiplication  of  small  lnocula  as  determined  by  actual  bacterial  counts 
on  the  other,  we  might  obtain  Information  which  would  allow  us  to  use  (within 
certain  recognized  limitations)  Warburg  determinations  as  a  screening  pro¬ 
cedure  in  planning  future  bacteriological  studies.  The  advantage  of  such  a 
screening  procedure  in  terms  of  total  numbar  of  man-hours  saved  is  obvious. 

It  should  be  emphasized  that  even  with  all  else  equal,  ths  Warburg  data  gave 
information  only  about  changes  occurring  In  the  first  four  to  six  hours  after 
transfer  of  the  inoculum  to  the  test  mixture  and  did  net  nacessarily  represent 
what  happened  in  cultures  on  prolonged  incubation. 

A  number  of  experiments  were  conducted  employing  the  Warburg  apparatus 
and  variations  in  the  medium  presented  for  growth  of  P.  tularensis.  The 
results  expressed  in  terms  of  oxygen  consumption  are  shown  in  Table  VI.  The 
following  general  observations  seem  indicated  from  these  data: 
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(i)  Growth  of  the  organism  it  enhanced  by  Duollte  treatment  of  plasma 
at  well  at  whole  blood,  if  both  art  adjusted  to  pH  6.C  to  6.2.  (Smaller 
amounts  of  Duollt*  are  required  to  adjust  the  pH  of  plasma  to  this  point.) 

(2)  The  enhancement  accomplished  by  Duollte  treatment  remains  unchanged  upon 
removal  of  the  rutin  by  filtration  or  eantrifugatlon  after  the  titration  pro* 
cedure.  (3)  Plasma  adjust  fid  tc  pH  6.0  with  hydrochloric  acid  was  superior  to 
normal  plasma  but  not  aa  good  as  Duolite-treated  plasma  at  the  same  pH.  (4) 
Plasma  through  which  hydrogen  gas  was  bubbled  was  superior  to  normal  untreated 
plasma.  (5)  Plasma  adjusted  to  pH  6.0  with  hydrochloric  acid  followed  by 
hydrogen  gas  Creatmant  gave  results  equal  to  those  obtained  by  Duollte  treat¬ 
ment.  (6)  Results  obtained  with  blood  or  plasma  treated  with  the  Na+form  of 
the  resin  were,  in  general,  no  different  from  those  obtained  with  the  untreated 
media.  (7)  Duollte  treatment  of  aged  (6  to  9  weeks  old)  blood  or  plasma  did 
not  result  in  growth  enhancement.  (8)  Treatment  with  other  cationic  resins  in 
the  H*  and  Ms'4'  forms  produced  effectB  on  growth  similar  to  comparable  forma  of 
Duollte  03.  (*))  Normal  and  Duolite-treated  rabbit  hlood  were  superior  to 

similar  preparations  of  sheep  blood. 

Although  some  of  the  difference  in  total  oxygen  consumption  over  the 
time  period  observed  may  not  be  great  enough  to  Juat<fy  per  se  the  above 
conclusions,  most  of  the  experiments  listed  In  the  table  have  been  repeated 
and  the  same  general  trends  in  results  observed.  It  is  of  Interest  to  note 
that  where  comparisons  are  available  (points  1,  2,  &  9  -  See  Tables  I,  II,  III 
&  IV)  the  data  obtained  with  bacteriological  methods,  using  small  inocula  and 
prolonged  incubation  arc  in  complete  agreement  with  those  obtained  with  the 
respLrometer  with  large  numbers  of  organisms  and  studied  for  only  a  few  hours. 

From  these  observations  and  the  results  of  the  Duollte  fractionation 
It  was  concluded' that  the  Duollte  was  contributing  to  the  medium  rather  than 
combining  with  or  adsorbing  some  Inhibitory  factor  in  the  blood.  Since  the 
Na+  form  was  not  as  effective  as  the  IT*'  form  of  the  resins  studied,  It  was 
concluded  that  the  ir  was  the  active  factor.  In  addition  to  lowering  the  pH 
of  blood,  the  H*  might  alter  the  Eh  or  oxidation-reduction  (Ok)  potential  also. 
Since  molecular  hydrogen  similarly  effects  changes  in  Eh,  this  was  assumed  to 
be  the  probable  explanation  of  the  beneficial  action  of  hydrogen  gas  on  plasma 
at  pH  6.0.  (See  Exp.  IV  -  Table  VI) 

The  passage  cf  a  direct  current  through  a  solution  also  alters  Its  Eh. 
Application  of  5  to  10  voltB  of  direct  current  to  blood  resulted  in  a  rapid 
shift  of  Eh  to  the  reducing  side.  Organisms  Inoculated  Into  blood  treated  in 
this  manner,  however,  rapidly  readjust  the  0-R  potential.  To  maintain  a  par¬ 
ticular  Eh  reading  in  media  with  growing  organisms,  therefore,  additional  volt¬ 
age  must  be  applied  intermittently  every  few  minutes.  In  one  experiment  in 
which  it  was  attempted  to  control  the  Eh  at  a  point  well  on  the  reducing  s-l-de, 
a  definite  increase  In  turbidity  of  the  culture  could  be  visualized  within  a 
few  hours,  whereas  the  control  culture  required  overnight  Incubation  for  simi¬ 
lar  evidence  of  growth..  Because  of  the  many  technical  difficulties  encountered 
in  this  type  of  experiment  nc  conclusions  could  be  drawn  from  its  results  until 
more  refined  methods  of  control  of  Eh  by  electrical  means  can  be  developed. 


There  are  numerous  data  In  tha  literature  detailing  the  effect  of  Eh  on 
bacterial  growth..  Same  workers  have  shown  that  a  drop  in  *»h  to  the  n  icing 
aide  occurs  during  the  "lag"  phase  of  bacterial  growth  and  that  Multiplication 
of  the  organises  could  not  he  demonstrated  until  a  specific  Eh  was  attained. 
There  are  reports  also  which  indicate  that  the  value  of  tha  particular  Eh  needed 
before  initiation  of  the  logarithmic  growth  phase  varies  with  different  species 
of  organisms. 

C.  CONCLUSION 

Changes  in  Q-R  potentials  developed  during  Incubation  of  P.  tulareneia  In 
several  media  have  been  determined,  namely,  In  normal  guinea  pig  plasma,  normal 
sheep  plasma,  Duoiite- treated  sheep  plasma  with  and  without  removal  of  the 
resin  after  treatment,  and  sheep  plasma  adjusted  to  pH  6.0  with  hydrochloric 
acid. 
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AN  ANALYSIS  OF  42  CASES  OF  LABORATORY-ACQUIRED  TULAREMIA 
(Overholt,  Tlgertt,  Kadull,  Ward,  Charkes,  Rene,  Salzman, 
Stephens) 


I.  INTRODUCTION 

Since  1912,  when  McCoy  and  ChaplnLi?/  first  described  Pasteurs! la  tularensls, 
the  hazard  of  Infection  to  the  laboratory  worker  has  been  well  recognised.  Few 
individuals  escape  illness  if  they  continue  to  work  with  the  organism.  Over  a 
24-month  period  starting  in  August  1956,  34  cases  of  laboratory-acquired  tula¬ 
remia  were  admitted  to  the  Medical  Service.  An  additional  eight  non-hospital- 
ized  cases  were  detected.  The  clinical  and  laboratory  course  was  documented 
according  to  a  protocol  initiated  at  the  onset  of  this  study.  There  were  three 
primary  objectives:  (1)  to  evaluate  the  clinical  and  laboratory  nunifestations 
of  the  disease  and  attempt  to  establish  criteria  to  achieve  an  earlier  diag¬ 
nosis;  (2)  to  assess  the  efficacy  of  phenolized^/  and/or  acetone-extracted-^ 
tularemia  vaccine  in  the  prevention  and/or  modification  of  the  disease;  and  (3) 
to  determine  the  effectiveness  of  tetracycline  as  a  therapeutic  agent.  The 
majority  of  these  infections  resulted  from  a  streptomycin- resistant  strain  of 
P.  tularensls. 


II .  METHODS 


Symptoms  and  signs  were  noted  and  graded  dally  as  to  severity.  Rectal 
temperatures  and  vital  signs  were  obtained  every  four  hours.  Supportive 
therapy  consisted  of  bed  rest,  as  desired  by  the  patient,  and  codeine  or 
Demerol  (Wlnthrop  Laboratories,  New  York)  for  the  more  severe  headache  and 
myalgia;  antipyretics  were  intentionally  withheld.  Isolation  procedures  were 
not  practiced.  Prior  to  the  initiation  of  therapy  each  case  was  evaluated  as 
to  the  severity  of  illness  and  graded  as  mild,  moderate,  or  severe.  The  ill¬ 
ness  was  considered  as  mild  if  the  symptom- complex  permitted  the  patient  to 
work  throughout  the  day  but  afternoon  fatigue,  chilliness,  slight  fever  and 
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for  part  of  the  day  was  desired;  and  as  severe  if  the  patient  was  compelled  to 
remain  in  bed  throughout  the  day. 
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Routine  blood  eell  count,  sedimentation  rate  (Wlntrobe) ,  C-reactlve  protein 
(Schieffelin  and  Co.  reagents),  and  cheat  roentgenogram  were  obtained  two  to 
three  times  weekly  during  hospitalization.  Fasting  gastric  aspirates  were 
obtained  for  the  first  two  or  three  days  following  admission  in  29  of  the  31 
hospitalized  non-ulceroglandular  cases.  From  30  of  these  patients  pharyngeal 
washings  were  obtained,  using  15  ml  of  nutrient  broth  as  a  gargle.  Initially, 
morning  and  evening  pharyngeal  washings  were  collected  for  the  first  three 
consecutive  hospital  days,  but  as  the  study  progressed,  the  afternoon  specimen 
was  discontinued.  Following  institution  of  therapy,  gastric  and  pharyngeal 
specimens  were  studied  as  often  as  practicable.  In  14  pationts  a  mildly  pro¬ 
ductive  cough  permitted  evaluation  of  sputum.  Isolation  attempts  were  also 
made  by  bronchial  lavage  in  three  patients  and  nasal  swabs  in  seven.  Blood 
cultures  were  tried  in  17  patients  and  discontinued  when  it  became  apparent 
that  they  were  generally  unrewarding.  Material  from  local  akin  lesions  In 
three  patients  with  ulceroglandular  disease  was  cultured  prior  to,  and  after, 
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che  onset  of  therapy.  Pleural  fluid  from  three  patients  was  available  for 
isolation  attempts. 

Tularemia  agglutinin  titers  were  determined  at  least  weekly  during  the 
early  phase  of  disease  and  on  each  follow-up  vieit.  Aa  a  part  of  another  study 
by  ena  of  us  (N.D.C.),  serial  serum  hemagglutinin  levels  ware  obtained  in  17  of 
34  patients.  Tularemis  skin  testa  were  performed  shortly  after  admission  and 
usually  weekly  thereafter  until  positive.  Each  patient  returned  for  weekly 
follow-up  evaluations  during  the  first  month  after  discharge  from  the  hospital, 
monthly  for  the  next  three  months  and  then  every  third  month  to  complete  a  year. 
These  evaluations  Included  interval  history,  physical  examination,  complete 
blood  count,  sedt-mntatlon  rate,  C-reactlvc  protein  (CRP),  agglutinin  titer  and 
chest  film. 

Isolation  attempts  for  3J.  tulsrensis  from  pharyngeal,  gastric,  sputum, 
bronchial  lavage,  and  pleural  fluid  specimens  were  performed  in  the  following 
manner:  two  300  to  400  gn  male  guinea  pigs  received  2  ml-sliquots  each,  1  ml 
subcutaneously  and  1  ml  intraperitoneally.  An  additional  0.5  to  2  ml  aliquot 
was  plated  on  two  to  four  glucose-cystine-blood  (GCB)  ag&xl'  plates,  with  and 
without  streptomycin  (100  Jig /ml  of  medium).  Blood  specimens  were  examined  by 
Injection  of  4  ml  of  a  heparlnlsed  specimen  into  guinea  pigs  as  described  above 
and  by  culturing  5  to  10  ml  in  a  diphasic  medium  which  contained  GCB  agar  and 
GCB  broth.  The  bottles  were  observed  daily  for  30  days.  The  guinea  pigs  were 
observed  dally  for  temperature  elevation,  roughing  of  the  fur,  and  hunching  of 
the  back.  In  a  eick  animal,  fever  usually  was  noted  2  to  5  days  post- Inoculation. 
Deaths  occurred  3  to  7  days  after  inoculation.  At  autopsy,  an  Infected  animal 
had  excessive,  thick,  clear  peritoneal  fluid  and  a  thickened  greater  omentum. 

There  was  a  mucopurulent  exudate  around  the  spleen  and  liver.  In  guinea  pigs 
surviving  one  week  the  liver  and  spleen  we:  .  greatly  enlarged  and  a  fine  granu¬ 
lar  Infiltrate  was  readily  noted.  A  preliminary  diagnosis  vaa  attempted  by 
smearing  s  loop  of  exudate  and  staining  by  WaysonE'  and  Gram  methods.  The 
latter  stain  may  demonstrate  Gram-negative  cocco-bacilli  compatible  with  the 
morphological  characteristics  of  P.  tularenais.  However,  organisms  were  diffi¬ 
cult  or  Impossible  to  visualise  against  the  pink  background  of  the  exudate. 

Way-son  a in  was  superior  since  the  organisms  stained  s  dark  blue  against  a 

pink  background.  Regardless  of  the  results  from  smears,  exudate  from  the  sur¬ 
face  of  the  spleen  and  liver  was  cultured  on  GCB  agar  with  and  without  100  jug 
of  streptomycin  per  milliliter  of  medium.  Growth  occurred  on  both  plates  if 
the  organism  was  streptomycin-resistant  but  only  on  plates  without  streptomycin 
if  the  organism  was  sensitive  to  this  antibiotic.  Grey,  translucent,  i  to  2  in 
colonies  were  apparent  at  48  to  72  hours;  a  smear  revealed  a  Gram-negative 
cocco-bacillus.  The  organism  was  Identified  by  a  slide  agglutination  technique 
using  specific  antiserum.  Swabs  of  the  nasal  mucosa  or  skin  ulcer  were  similarly 
cultured.  At  least  esc  isolate  from  every  patient  was  examined  for  sensitivity 
to  discs  impregnated  with  5  and  30  uig  of  Chloromycetin,  tetracycline,  oxytetra- 
cycllne  and  chlortet recycling .  In  addition,  sensitivity  to  tetracycline  was 
further  evaluated  by  determining  growth  on  serial  plates  containing  GCBA  with  1 
through  5  jjg  of  tetracycline  per  milliliter  of  medium.  In  those  instances  where 
the  organism  did  not  grow  in  the  presence  of  100  Mg  of  streptomycin  per  milli¬ 
liter  of  medium,  the  sensitivity  to  10 jugm  was  determined. 


J 


Two  strains  of  j?.  tularenais  wore  responsible  for  the  cases  of  tularemia 
in  this  study.  The  parent  strain  is  a  virulent  culture  (SCHU)  originally 
isolated  by_Ftoshay  from  a  human  ulcer  in  1941.  In  1951,  Eigelsbach,  Braun, 
and  Herring//  while  correlating  colonial  morphology,  pathogenicity,  and 
lmunological  properties  of  this  strain,  isolated  distinctly  different, 
colonial  types  from  a  supposedly  pure  stock  culture.  From  these  types  a 
variant  (SCHU  S4)  was  picked  which  gave  rise  to  a  stable  homogeneous  sub¬ 
culture  with  high  virulence  for  mice,  guinea  pigs,  monkeys,  and  rabbita. 

The  streptomycin-resistant  Mutant  (SCHU  S5)  was  derived  from  SCHU  S4.  Sub¬ 
sequent  evaluation  has  indicated  a  retention  of  resistance  to  streptomycin 
as  well  as  the  virulence  characteristics  of  SCHU  S4. 

Skin  tests  were  performed  with  0.1  ml  of  vaccine  diluted  1:1000  in. 
physiological  saline,  injected  intradermally  into  the  flexor  surface  of  the 
forearm.  A  akin  test  was  positive  if  10  imu  or  more  of  erythema  and  edema 
were  apparent  at  48  hours. 

The  agglutinin  titer  was  performed  in  the  following  manner:  to  the  first 
of  6  tubes,  0.9  ml  of  physiological  saline  was  added  and  0.5  ml  to  the  remain¬ 
ing  5  tubes.  One-tenth  milliliter  of  test  serum  was  added  to  the  first  tube, 
mixed  with  the  saline  aliquot  and  0.5  ml  transferred  to  the  second  tube.  This 
then  was  mixed  and  aerial  dilutions  were  carried  out,  discarding  0.5  ml  of 
serum-saline  mixture  from  the  last  tube.  The  antigen,  a  formalin-killed  pre¬ 
paration  of  the  SCHU  S4  strain  (concentration  of  3  x  105  organisms /ml) ,  was 
then  added  in  0.5  ml  aliquots  to  each  of  the  serum-saline  dilutions.  After 
shaking  to  Insure  proper  mixing,  the  tubes  were  centrifuged  for  seven  minutes 
at  2000  rpm  and  immediately  read  for  visible  agglutination.  The  highest  serum 
dilution  capable  of  agglutinating  the  antigen  was  taken  as  the  end-point  and 
read  as  follows:  4+,  coarse  flocculation  with  slightly  cloudy  supernatant; 

3+,  75  per  cent  coarse  flocculation  with  slightly  cloudy  supernatant;  2+, 

50  per  c_nt  coarse  flocculation  with  snderately  cloudy  supernatant;  l+„ 
definite  fine  flocculation  with  moderately  cloudy  supernatant;  plus-minus, 
minor  degree  of  flocculation  with  cloudy  supernatant;  negative,  cloudy  or 
opaque  solution  with  no  flocculation.  The  serum  dilutions  were  recorded  as 
1:10,  1:20,  1:40,  etc.  The  highest  serum  dilution  in  which  there  was  one  plus 
or  greater  flocculation  was  the  reported  titer. 

The  hemagglutination  test  was  performed  after  the  set hod  of  Alexander, 
Wright  and  Baldwin®/  and  Wright  and  FeinbergS/.  Essentially,  this  method 
utilizes  type  0  blood  cells  sensitized  to  the  polysaccharide  extraction  (with 
liquid  phenol)  of  acetone-killed  P.  tularenais.  Five-tenths  milliliter  of  a 

O. 5  per  cent  sensltized-erythrocyte  suspension  was  added  to  each  tube  contain¬ 
ing  0.5  ml  of  serial  two-tube  dilutions  of  patient's  serum  at  rptni  temperature s 
and  the  settling  pattern  observed  two  hours  later.  The  titer  of  a  serum  was 
recorded  as  the  greatest  dilution  giving  partial  or  collate  hemagglutination. 
An  attempt  was  made  in  14  patients  to  detect  the  cellular  polysaccharide  of 

P.  tularenais  in  various  body  fluids  and  excretions  utilizing  the  hemaggluti¬ 
nation-  inhibition  method .  This  test  was  performed  by  adding  0.25  ml  of  speci¬ 
men  (pharyngeal  washing,  gastric  washing,  sputum,  or  urine)  to  0.25  ml  of 
human  serum  having  a  high  tularemia  agglutinin  titer.  After  over-night  incu¬ 
bation  at  room  temperature,  0.5  ml  of  a  0.5  per  cent  suspension  of  erythrocytes 
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sensitised  with  ?_  tulareaels  polysaccharide  vas  added,  the  titer  noted  and 
compared  with  a  control  set  of  tubes  containing  saline  instead  of  a  body  fluid. 

111.  MATERIAL 

All  but  one  of  the  42  patients  were  under  the  age  of  45  with  a  range  of  21 
to  65  years.  There  were  41  Bales,  seven  of  whoa  were  negroes,  and  one  female, 
a  negroes.  With  the  exceptions  of  s  patient  who  had  "chronic  brucellosis"  and 
another  with  chronic  sinusitis,  all  were  in  excellent  health  prior  to  the  onset 
of  tularemia.  Homo  had  a  history  of  naturally-occurring  tularemia  prior  to  the 
initial  vaccination  series.  Immunisation  procedures  had  consisted  of  threo  sub¬ 
cutaneous  injections  of  phenollsed  or  acetone-extracted  tularemia  vaccine,  0.25 
ml  on  the  first  day  and  0.5  ml  dally  on  the  next  two  days.  Xoutlne  booster 
series,  consisting  of  0.25  ad  and  0.5  ml  for  two  consecutive  daya,  were  usually 
given  six  months  to  one  year  following  this  procedure  except  In  tho  occasional 
patient  who  had  a  positive  skin  test  at  the  time  for  the  booster  series.  As 
may  be  seen  in  Tables  1  and  II  the  initial  vaccination  series  was  accomplished 
from  one  month  to  as  long  as  11  years  prior  to  the  onset  of  illness  in  the  42 
cases.  Thirty-two  of  the  group  had  received  one  to  seven  booster  series,  with 
approximately  90  per  cent  receiving  four  or  less.  Fourteen  of  these  32  became 
ill  lees  than  aix  months  after  their  last  booster.  The  remaining  10  had  received 
an  initial  series  only,  ranging  from  one  month  to  as  long  aa  five  and  a  half  years 
prior  to  infection.  Seven  of  the  10  became  111  less  than  six  months  after  immuni¬ 
sation.  Thus,  at  laast  one-half  of  the  cases  had  either  their  initial  or  booster 
series  less  than  six  months  prior  to  illness.  All  but  two  patients  were  known  tc 
have  had  agglutinating  antibodies  at  some  time  before  infection;  in  80  per  cent 
this  titer  had  been  determined  within  six  months  preceding  the  illness. 

Occupational  activities  resulted  in  frequent  potential  respiratory  exposure 
to  P.  tularemia  in  most  of  these  individuals.  In  21  of  the  42  patients, 
incidents,  such  as  breakage  of  seeded  petrl  plates,  leaks  in  hoods,  etc., 
occurred.  Such  instances  permitted  an  estimation  of  the  incubation  periods.  In 
17  the  presumed  incubation  period  was  from  3  to  6  days,  with  the  remaining  four 
between  7  and  12  daya. 

Of  the  34  hospitalised  patients,  three  had  ulceroglAndular  disease,  14 
typholdal  disease,  and  17  a  typhoidal  form  with  pulmonary  involvement.  In 
neither  of  the  latter  two  categories  were  skin  lesions  present  and  they  differed 
only  in  that  the  pulmonic  group  had  chest  x-ray  abnormalities.  The  eight 
non- hospitalised  cases  arbitrarily  were  classified  as  typholdal. 

A.  CLINICAL  OBSERVATIONS  IN  HOSPITALIZED  PATIENTS 

A  grippal  symptom-complex,  of  varying  severity,  consisting  of  feverishness, 
headache,  chilliness,  diaphoresis,  malaise,  and  anorexia  was  seen  in  the  34 
hospitalised  patients.  On  the  basis  of  subjective  criteria  described  earlier, 
the  illness  was  considered  mild  in  19,  moderate  In  9,  severe  in  6.  (Table  I) 

This  division  was  further  emphasised  when  the  day  of  hospital  admission  was 
compared  to  the  day  of  illness:  all  six  of  the  severely  ill  patients  were 
admitted  within  the  first  week  of  illness,  whereas  over  one-half  of  the  mild 
to  moderately  ill  patients  were  admitted  after  the  first  week.  This  delay  in 
hospitalisation  is  attributed  to  the  mildness  of  the  illness  so  that  the  patient 
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TABLE  I.  SUMMARY  OF  34  HOSPITALIZED  CASES  OF  TULAREMIA  WITH  RESPECT  TO 
SEVERITY,  VACCINE  ADMINISTRATION,  AND  AGGLUTININ  TITER 

(1956-1958) 


CASE 

NO. 

YEAR 

SEVE¬ 

RITY 

£/ 

VACCINF  ADMINISTRATION  ] 

TULAREMIA  AGGLUTININ 

TITER 

_ 

Initial 

Pre- Infec¬ 
tion  level 

First 

Obtained 

During 

Illness 

■ 

u 

Maxi 

man 

Series 

Month 

b/ 

Boos 

ter 

1 

Day 

No. 

Month 

b/ 

■ 

Day 

m 

5TS! 

ULCEI 

10GLANDULAR  CASES  j 

1 

n 

1 

1956 

Mild 

-62 

4 

-27 

320 

-125 

320 

2 

None 

44 

2 

1957 

Mild 

■7  2% 

1 

-61 

0 

-91 

10 

11 

22 

1280 

39 

3 

1958 

Mild 

-41 

2 

-5 

80 

-41 

640 

10 

30 

1280 

30 

TYPHl 

)IDAL 

CASES  WITH  PUl* 

ONARY  INVOLVEMBN’ 

4 

1956 

Mild 

-66 

1 

-54 

r  40 

-75 

80 

8 

26 

2560 

40 

5 

1956 

Mild 

-8 

1 

20 

-3 

40 

23 

1280 

23 

6 

1956 

Mod. . 

-65 

0 

-65£( 

80 

-101 

80 

30 

2560 

46 

7 

1956 

Mild 

-5 

0 

-5  S./ 

80 

-24 

320 

3 

6 

2560 

9 

8 

1957 

Mild 

-91 

5 

-33 

160 

-61 

160 

None 

1280 

31 

9 

1957 

Mild 

-37 

1 

-26 

60 

-60 

40 

2 

29 

640 

29 

10 

1957 

Mild 

-40 

3 

-<1 

80 

-12 

80 

6 

34 

1280 

34 

11 

1957 

Mod. 

-103 

6 

-6 

20 

-167 

40 

5 

23 

2560 

43 

12 

1957 

Mod. 

-56 

1 

-4 

160 

-150 

160 

MM 

16 

2560 

18 

13 

1S57 

Mild 

-50 

i 

-1 

40 

-58 

40 

n 

34 

1280 

49 

14 

1956 

Sev. 

-14 

1 

-6 

320 

-28 

1280 

6 

None 

1280 

6 

1957 

Mod. 

-36 

1 

-29 

160 

-197 

160 

1 

None 

1280 

60 

15 

1957 

Mild 

-36 

3 

-2 

40 

-54 

40 

3 

19 

1280 

28 

16 

1958 

Mod. 

-43 

1 

-11 

160 

-53 

40 

3 

30 

640 

30 

17 

1958 

Sev. 

-61 

2 

-3 

40 

-131 

80 

2 

25 

2560 

31 

18 

1958 

Sev. 

-81 

3 

-49 

10 

-106 

0 

1 

U 

2560 

28 

19 

1958 

Mild 

-127 

7 

-9 

320 

-72 

160 

1 

23 

1280 

23 

20 

1958 

Mod. 

-13 

1 

-7 

40 

-62 

40 

3 

23 

tMj 

37 

TYPH! 

piDAL 

CASES  WITHOUT  P 

ULMONARY  INVOLVEMENT 

21 

1956 

Mod. 

-26 

1 

-18 

80 

-4 

80 

9 

33 

1280 

33 

22 

1956 

Mild 

-44 

0 

-44 SJ 

40 

-103 

60 

8 

19 

1280 

19 

23 

1956 

Mild 

-16 

1 

-14 

160 

•9 

80 

5 

19 

2560 

34 

24 

1956 

Mild 

-28 

1 

-21 

40 

•187 

40 

mi 

MM. 

1280 

30 

25 

1957 

Mild 

-48 

0 

-48 £/ 

40 

-3 

20 

H 

■9 

256U 

27 

26 

1957 

Sev. 

-5 

0 

-5  £/ 

20 

-17 

40 

3 

30 

1280 

33 

27 

1957 

Mod. 

-62% 

1 

-51 

0 

-53 

10 

5 

23 

640 

31 

28 

1957 

Sev. 

-53 

2 

20 

-19 

320 

2 

None 

640 

29 

29 

1957 

Mild 

-59 

0 

_59£/ 

40 

-43 

40 

1C 

21 
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40 

3Q _ 

S6Y  • 

-5 

r» 

_c  cl 

~  -J  — ' 

A 

W 

»  /  <■» 

”  IHJ 

20 

2 

31 

iz5u 

36 

31 

1958 

Mod. 

-41 

i 

-39% 

20 

-129 

10 

5 

12 

1280 

22 

32 

1958 

Sev. 

■95 

5 

-1% 

160 

-7 

80 

2 

None 

60 

33 

1958 

Mild 

•48% 

1 

10 

-13 

10 

3 

19 

36 

34 

1958 

Mild 

-14 

I 

L  .-5fc. 

20 

-199 

_ 10 

4 

25 

25 

a.  See  text  for  definition, 

b.  Time  is  given  in  months  or  days  relative  to  Day  1  of  disease.  Minus  (-) 
sign  means  interval  before  onset. 

c.  No  booster  given,  time  is  that  of  initial  series. 


SUMMARIES  OF  8  NQN-HOSPITALIZED  CASES  OF  TYPHQIDAL  TULAREMIA  WITH 
RESPECT  TO  VACCINE  ADMINISTRATION,  SYMPTOMS,  AMD  AGGLUTININ  TITER 

(1356-191-8) 


a.  Time  1b  given  In  months  or  days  relative  to  presumed  Day  1  of  disease: 
Minus  (-)  sign  means  interval  before  onset. 


b.  No  booster  given,  time  is  that  of  initial  series. 

c.  Therapy,  consisting  of  0.5  gm  streptomycin,  given  on  days  1,  13,  and  14  of 
disease. 
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did  not  seek  medical  attention  until  persistence  of  symptoms  became  disturbing. 
Of  equal  importance  was  the  inability  of  the  physician  to  differentiate  Lhe 
symptoms  of  tularemia  from  a  common  respiratory  or  grippal  state.  A  concurrent 
Influenza  epidemic  (described  in  detail  elsewhere)  complicated  recognition; 
during  its  course  one-half  of  our  group  became  ill  with  tularemia.  In  the 
absence  of  acute  symptoms,  It  was  not  practicable  to  admit  all  grippal  cases 
and  such  patients  were  followed  closely  in  the  out-patient  clinic.  Individuals 
were  admitted  as  suspect  tularemia  if  there  was  persistence  of  grippal  symptoms 
and  fever,  with  or  without  abnormal  sedimentation  rate  and  CRP>  or  If  x-ray 
evidence  of  pulmonary  involvement  was  found. 

The  high  incidence  of  respiratory  symptoms  was  striking  in  the  31 
non-ulceroglandular  hospitalized  cases.  All  but  four  had  at  least  one  of  the 
following:  cough,  coryza,  sore  throat,  or  chest  distress  acconpanying  or 
appearing  shortly  after  the  onset  of  grippal  symptoms  (Figure  1).  These 
respiratory  symptoms  were  usually  mild  and  Included  a  dry  to  slightly  pro¬ 
ductive  cough,  minimal  nasal  stuffiness,  a  raw  feeling  of  the  throat,  and 
vague  substernal  tightness.  Symptoms  of  a  severe  upper  respiratory  infection, 
such  as  marked  nasal  stuffiness,  severe  rhinorrhea,  substernal  soreness  or 
cough,  were  not  seen.  With  the  exception  of  more  frequent  pleuritic  chest 
pain  and  cough  in  the  patients  with  radiographic  evidence  of  pulmonary  involve¬ 
ment,  there  was  no  difference  in  the  incidence,  severity,  or  type  of  respira¬ 
tory  symptoms  between  the  typhoidal  and  typholdal-pulmonlc  groups.  Furthermore, 
the  presence  or  ahuence  of  x-ray  evidence  of  pulmonary  disease  could  not  be 
related  to  the  severity  of  the  grippal  state  or  fever,  with  the  exception  of 
the  one  critically  ill  patient  who  had  extensive  pulmonary  Involvement. 


The  maximum  rectal  temperature  usually  occurred  in  the  evening  hours, 
ranging  from  101.0  to  105, 8°F,  and  generally  paralleled  the  severity  of  illness. 
I-,  about  one-half  of  the  34  patients  the  fever  did  not  exceed  103. 0°F.  Positive 
physical  findings  (Figure  1)  in  the  non-ulceroglandular  cases  were  usually 
limited  to  thi,  iccpfr  torv  t— >ct.  —  purulent  pharyngitis  and  rhinitis  were 

cemaon.  Che  be  ei.xuj.ngs  were  limited  to  the  x-ray-positive  gee-ip  and  consisted 

Sigiia  uf  plKliittl  fluiu  in  lOui  patieutB  «m)  of  flue  tu  tuttiae  laleo  lu  four 

patients  with  bronchopneumonia.  With  the  exception  of  transient  splenomegaly 
in  one  patient  and  persistent  submandibular  adenopathy  in  another,  there  were 
no  other  physical  findings. 


In  the  three  ulceroglandular  cases,  symptoms  were  limited  to  a  mild 
grippal  state  and  regional  lymph  node  enlargement,  pain  and  tenderness.  In 
two  individuals  the.  skin  lesion  consisted  of  a  3  to  4  mm  painless,  erythematous 
papule  which  rapidly  progressed  to  ulceration.  The  lesion  was  located  in  one 
patient  on  the  dorsal  aspect  of  the  right  wrist  at  the  margin  where  the  pro¬ 
tective  rubber  glove  ended  and,  in  another  patient,  under  the  nail  tip  of  the 
left  third  finger.  The  third  patient  had  a  peri onychia  of  the  left  thumb  with 
two  1-cm  satellite  ulcers,  one  on  the  lower  one-third  and  the  other  on  the 
upper  one-third  of  the  medial  aspect  of  the  forearm.  In  all  instances  there 
was  probable  local  trauma  or  a  preceding  lesion  at  the  time  of  contamination 
of  the  skin  site.  Tender,  non-f luctuant ,  1-  to  2-cm  epitrochlear  and  axillary 
nodes  promptly  appeared  in  all  three  individuals. 
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FIGURE  I.  PRINCIPAL  SYMPTOMS  AND  SIGNS  IN  31 
HOSPITALIZED  CASES  OF  TYPHOIDAL  TULAREMIA. 
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*GRIPI*L  SYMPTOMS  -  COMPLEX  =  VARIOUS  COMBINATIONS  OF  FEVER, 
CHILLINESS,  HEADACHE.  DIAPHORESIS,  MALAISE,  FATIGUE.  MYALGIA, 
ARTHRALGIA,  BACKACHE,  ANOREXIA. 

NO  ROENTGEN  CHANGES  (14) 

ROENTGEN  CHANGES  (17) 


B.  LABORATORY  OBSERVATIONS  IN  HOSPITALIZED  PATIENTS 


Serial  chest  roentgenograms  were  negative  in  the  three  ulceroglandular  and 
positive  in  53  per  cent  (1?)  of  the  31  typhoidai  cases.  In  these  17  patients 
a  pneumonic  infiltrate  was  noted  in  15,  hilar  adenopathy  in  9,  pleural  effusion 
in  4,  and  perihilar  linear  streaking  in  one.  The  pneumonic  lesion  had  a  dis¬ 
tinctive  appearance;  in  13  of  the  15  there  was  an  oval  2  to  8  cm  density  with 
indistinct  borders  (Figure  2a),  being  multiple  in  only  three  patients.  There 
was  no  predisposition  to  any  one  lobe  but  in  five  the  infiltrate  was  juxta-hilar, 
merging  with  the  hilpr  shadows.  In  one  of  the  15  patients  (Case  18)  lobar  con¬ 
solidation  was  observed  (Figure  2b).  The  remaining  case  had  a  diffuse  broncho¬ 
pneumonia  of  one  lobe.  The  availability  of  multiple  pre-illness  chest  films 
permitted  a  critical  evaluation  of  hilar  shadows.  The  moderate,  unilateral 
hilar  enlargement  was  always  associated  with  other  abnormalities,  occurring  with 
a  pneumonic  infiltrate  in  8  patients  and  perihilar  streaking  with  pleural  effusion 
in  the  remaining  caae.  Pleural  effusion  was  seen  as  an  isolated  occurrence  in 
but  one  patient. 

The  initial  white  blood  cell  count  exceeded  14,000/cu  mm  in  only  two  of  the 
34  patients.  The  differential  count  usually  demonstrated  a  "shift  to  the  left" 
of  the  neutrophils  and  a  few  atypical  lymphocytes.  The  sedimentation  rate 
(corrected  sedimentation  rate  used  throughout)  and  the  CRP  were  found  to  be 
abnormal  shortly  after  the  onset  of  illness  and  paralleled  one  another  during 
the  acute  phase.  In  16  of  the  34  cases  examinations  were  made  during  the  first 
3  tc  4  days  of  illness  and  were  abnormal  that  early  in  the  disease. 

A  4-fold  or  greater  rise  in  the  specific  agglutinin  titer  was  usually 
apparent  by  the  third  week  of  illness.  An  8-fold  (considered  diagnostic)  rise 
was  noted  in  three  patients  within  the  first  two  weeks  and  in  25  between  the 
3rd  to  the  5th  weeks  from  the  onset  of  illness.  The  remaining  six  patients  did 
not  develop  8-fold  rises,  the  diagnosis  being  confirmed  by  isolation  of  the 
organism.  This  latter  group  had  pre- infection  titers  of  1:160  to  1;320;  one 
m.id  ulceroglandular  case  had  no  rise  iu  agglutini..  ticer,  the  other  five  had 

to  6-  fold  titer  rises.  In  contrast  the  pre-infection  titer,  in  the  25 
patients  in  whom  there  was  at  least  an  8-fold  rise  in  titer,  ranged  from  0  to 
1:80  (Table  I). 

Elevation  of  hemagglutinin  and  agglutinin  titers  wore  detectable  simul¬ 
taneously  on  17  patients  when  tests  were  performed  on  serial  specimens.  How¬ 
ever,  in  the  sera  of  ten  patients  there  were  8-fold  rt-’s  in  the  hemagglutinins 
7  to  10  days  earlier  than  in  the  agglutinating  antibodies.  The  peak  level  was 
reached  simultaneously  in  6  of  the  7  remaining  cases.  In  one  instance  there 
was  no  rise  in  the  hemagglutinin  or  agglutinin  titer. 

The  cellular  polysaccharide  of  P,  tularensis  was  not  identified  in  the  33 
pharyngeal,  10  gastric,  4  sputum,  and  18  urine  specimens  obtained  duiing  the 
acute  phase  of  illness  from  14  patients. 

Skin  tests  were  performed  during  illnesa  in  29  of  34  patients.  Twelve 
patients  had  negative  skin  tests  when  first  seen  (4  during  the  first  week,  5 
during  the  second  week,  and  3  in  the  third  and  fourth  week)  which  converted  to 
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positive.  The  remaining  17  had  positl:z  s!:ln  testa  shortly  after  admission. 
Thus  in  approximately  40  per  cent  of  the  cases  the  skin  test  was  not  helpful 
in  early  diagnosis. 

Table  Ill  shows  the  status  of  isolatlo>  attempts  from  gastric,  pharyngeal, 
and  sputum  specimens. 

TABLE  III,  STATUS  OF  ISOLATION  ATTEMPTS? ^  FROM  GASTRIC,  PHARYNGEAL,  AND 
SPUTUM  SPECIMENS  IN  30  TKYP1  )AL  TUIAREML\  CASES 


SPECIMEN 

CASES  BY  INITIAL  WEEK 

TRIED 

TOTAL 

No.  Positive 

H  HTTTTTB 

1 _ 

No.  Positive 

7. 

No.  Positive 

■ 

No,  Positive 

■ 

No.  Tried 

No.  Tried 

No.  Tried 

No,  Tried 

Gastric 

14/17 

82 

6/10 

60 

1/2 

50 

21/29 

Pharyngeal 

12/18 

67 

4/10 

40 

0/2 

0 

16/30 

Sp-tum 

6/7 

86 

5/6 

83 

1/1 

100 

12/14 

a.  Attempts  by  guinea  pig  inoculation  and/or  culture  on  GCBA  Medium. 

Fasting  morning  gastric  aspirates  yielded  P.  tularensis  in  70  per  cent  of  29 
typholdal  cases.  In  17  patients  the  first  gastric  specimen  vas  positive,  with 
tlve  second  attempt  adding  only  four  additional  cases.  Further  gastric  specimens 
were  negative  if  the  flrBt  two  attempta  were  unsuccessful.  Pharyngeal  washings 
were  positive  in  16  of  30  patients.  The  initial  specimen  yielded  the  best 
results,  being  positive  in  75  per  cent  of  the  cases.  Only  two  patients,  positive 
by  this  method  had  negative  gastric  washings.  In  23  patients  where  gastric  and/ 
or  pharyngeal  specimens  were  positive,  21  had  positive  gastric  washings,  whereas 
only  15  had  positive  pharyngeal  washings.  Sputum  was  positive  for  P.  tularensis 
in  12  of  14  patients;  three  of  these  did  not  have  x-ray  evidence  of  pulmonary 
involvement.  Eleven  of  the  12  with  positive  sputa  also  had  positive  pharyngeal 
and/or  gastric  washings. 

Initial  attempts  to  isolate  the  organism  from  gastric,  pharyngeal,  and 
sputum  specimens  were  made  in  18,  10,  and  2  patients  during  the  first,  second, 
and  third  week  of  disease  respectively.  Miscellaneous  specimens  included 
bronchial  lavage,  which  were  positive  in  2  of  3  patients,  and  nasal  swabs, 
positive  in  1  of  7;  these  positive  isolations  were  from  patients  who  also  had 
positive  isolates  from  the  gastric  and/or  pharyngeal  washings.  In  the  five 
patients  from  whom  no  organisms  were  Isolated,  the  diagnosis  was  established 
by  the  subsequent  8-fold  or  greater  rise  in  agglutinin  titer  in  the  convalescent 
phase  sera.  In  summary,  the  organism  was  isolated  from  25  of  30  patients  with 
typholdal  tularemia,  utilizing  gsBtric,  pharyngeal  and/or  sputum  samples.  The 
organism  was  isolated  from  the  three  ulceroglandular  cases  by  culturing  the 


exudate  from  the  local  lesion,  In  spite  of  culture  and  gt'nea  pig  inoculation 
of  blood  from  17  patients,  the  organism  was  recovered  from  the  blood  of  only 
the  critically  111  case. 

At  least  one  Isolate  from  each  patient  was  examined  for  antibiotic  sensi¬ 
tivity.  All  were  sensitive  to  5 jug  of  chlortetracycline,  oxytetracycline , 
tetracycline  and  Chloromycetin.  In  addition,  bacterlostasia  of  each  isolate 
was  demonstrated  on  GCB  agar  containing  as  little  as  1  jug  of  tetracycline  per 
milliliter  of  medium.  In  22  of  the  2f  patients,  (25  typholdal,  3  ulcero- 
glandular)  the  isolates  grew  readily  in  the  presence  of  100  jug  of  streptomycin. 

The  strain  was  sensitive  to  streptomycin  in  the  remaining  6  patients.  In  every 
instance  the  JLn  vitro  evaluation  of  the  Isolate  agreed  with  the  sensitivity 
status  of  the  organism  to  which  the  patient  had  been  exposed  prior  to  infection. 

Thirty-two  of  the  34  hospitalised  patients  were  treated  (Table  IV);  all 
received  bacteriostatic  drugs  with  two  receiving  streptomycin  as  well.  Oral 
tetracycline  In  four  divided  doses  (every  6  hours)  was  given  to  27  patients: 

2  gw  daily  to  26,  1  gm  daily  to  one.  Sixteen  of  these  27  esses  received  *n 
initial  one  gram  "loading  dose."  Three  patients  were  given  other  bacterio¬ 
static  drugs:  one,  2  gm  daily  of  chlortetracycline  (Case  24);  one,  2  gm  daily 
for  10  days  of  Chloromycetin  (Case  22)  followed  18  days  later  by  2  gm  daily 
(10  days)  of  Albamycin  (Upjohn  Co.,  Kalamaxoo,  Mich.);  and  one  (Case  18),  1.5 
gm  daily  for  5  days  of  Intravenous  oxytetracycline,  followed  by  3  gm  daily  of 
oral  tetracycline  for  16  days  (total  21  daye).  Two  patients  were  given  tetra¬ 
cycline  and  streptomycin  (2  gm  daily)  for  10  days  (Cases  1  and  25).  A  summary 
of  therapy  administration  Is  given  in  Table  V. 

TABLE  V.  DURATION  OF  THERAPY  IN  32  PATIENTS 

\ 


NUMBER  OF  PATIENTS 

THERAPY 

Duration  of 

therapy 

6-8 

10-11 

13-14 

16 

21 

TOTAL 

Tetracycline 

S 

14 

!  6 

1 

| 

1 

27 

Chlortetracycline 

1 

0 

0 

0 

0 

1 

Chloromycetin 

0 

1 

0 

0 

0 

1 

Oxytetracycline 
(IV)  and 
Tetracycline 

0 

0 

0 

0 

1 

1 

Tetracycline 
and  Streptomycin 

0 

2 

0 

0 

0 

2 

TOTAL 

6 

17 

6 

1 

2 

32 

IS 


TABLE  IV.  RESPONSE  TO  ANTIBIOTIC  TREATMENT  IN  34  H03PITALIZED  CASES  OP 
TULAREMIA  INCLUDING  SENSITIVITY  TO  STREPTOMYCIN 


SEV|^ITY 


BROAD  SPECTRUM  THERAPY 


CASE 

NO. 


Ilnltl 


.is jt 


& 


tzz — ; 

hsM. 


Duration 

days 


FEVERS/ 
POST-THERAPY 
days _ _ 


STREPTOMYCIN  SENSITIVITY 
OF  ISOLATE 
AND  OTHER  COMMENTS 


ULCBROGLANDULAR 


Mild 


2 

1 

3 


12  . 
5 £/ 
9 


14 

9 

14 


2 

3 

5 


Resistant 

Resistant 

Resistant 


TYPHOIBAl  WITH 


Mild 


7 
5 
4 

10 

9 

8 

19 

15 

13 


Mo3erate6 


16 

1.4 


Severe 


20 

12 

11 


17 


18 


PULMONARY  INVOLVEMENT 


None 

10 

15 

15 

4 

9 

10 

17 

10 


+ 

+ 

+ 

+ 

+ 


7 

None 

6 

y 

5 

30 

9 

9 


+ 

+ 


-t 

+ 


3 

25 

6 


None 

10 

10 

13 
16 

14 
11 
11 
21 


& 

0 

1 

1 

2 

2 

3 

3 

11 


7 

None 

10 

10 

11 

11 

13 

14 


17-5/ 

2 

2 

2 

3 

3 

4 

5 


7 

13 

21 


2 

2 

16 


Resistant 

Mo  isolation 

Resistant 

Sensitive 

Resistant 

Resistant 

Mo  Isolation 

Sensitive 

Sensitive 

Resistant 

Untreated  relapse 

Resistant 

Sensitive  (Reinfection) 

Resistant  (1st  Infection) 

Sensitive 

Treated  relapse 

Resistant 

Resistant  , 

Sensitive  ------ 

Treated  relapse 
Resistant 


TYPHOIDAL  WITHOUT  PULM 


Mild 


33 

23 

34 
29 
25 

24 
7.2. 


[QNARY  INVOLVEMENT 


None 

9 

2 

2<£' 

14 

.  12. 


+ 


None 

7 

14 

10 

27 

7 

.  10. 


1 

2 

4 

4 

6 

.7. 


Kn  isolation 
Rests  tar.t 
Resistant 
Resistant 
No  isolation 
No  isolation 
.Resistant 


Moderatc31 
27 
21 


5 

6 

■  10 


+ 

+ 


11 

10 

10 


2 

2 

2 


Resistant 

Resistant 

No  attempts  to  isolate 


Severe 


Zb 

28 

32 

30 


o 

31 

2 

3 

6 


+ 

+ 


10 

15 

6 

11 

11 


»  ~  -  M 

ItC O  IB  bOUW 

Treated  relapse 
Resistant 
Resistant 
Resistant 


a.  See  text  for  definition. 

b.  Day  of  disease. 

c.  L.D.  =  1  to  2  gm  "loading”  dose  of  antibiotic. 

d.  Fever  =  any  rectal  temperature  greater  than  100, 

e.  Br >ad  spectrum  therapy  with  added  streptomycin. 

f.  Total  days  of  fever. 
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FIGURE  3  STATUS  OF  ISOLATION  ATTEMPTS  IN  27 
TYPHOIDAL  TULAREMIA  PATIENTS 
WITH  RESPECT  TO  BEGINNING  AND  DAY 
OF  BACTERIOSTATIC  DRUG  THERAPY 
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Therapy  was  Instituted  during  the  first,  second  snd  third  week  of  illness 
In  14,  14,  and  4  patients  respectively. 

In  all  esses  there  was  a  dramatic  fall  of  fever  within  the  first  24  hours 
with  only  four  patients  having  rectal  temperatures  exceeding  101. 0*F  after  48 
hours.  The  mean  duration  of  any  rectal  temperature  elevation  above  100. 0*F 
(Table  IV)  following  onset  of  therapy  was  3.3  days  with  a  median  of  2  days. 

There  was  a  corresponding  improvement  In  symptoms  within  the  first  48  hours. 

The  response  was  equally  rapid  in  the  six  cases  categorised  as  being  severely 
ill  and  In  10  patients  who  did  not  receive  the  one  gram  "loading  dose"  of 
tetracycline.  Only  two  patients  had  a  low  grade  fever  exceeding  one  week  after 
Initiation  of  drug.  One  of  theae  Individuals  was  mildly  ill  but  had  a  per¬ 
sistent  pleural  effusion  (Case  13);  the  other  was  a  critically  ill  patient 
with  lobar  pneumonia  (Case  18).  With  these  two  exceptions,  all  patients  were 
essentially  asymptomatic  in  less  than  one  week  after  Initiation  of  therapy. 

The  majority  of  patients  demonstrated  a  fall  in  the  sedimentation  rate  and  a 
return  to  normal  of  the  CRP  during  or  within  two  weeks  following  completion 
of  drug  therapy.  Likewise,  the  lung  lesions  began  to  improve  during  the  first 
week  of  treatment,  thereafter  slowly  resolving  and  clearing  by  the  fourth  to 
the  sixth  week.  In  the  three  ulceroglandulsr  cases  the  akin  lesions  began  to 
improve  during  the  first  week  of  treatment  and  had  healed  by  the  second  to 
third  week.  The  lymph  nodes  regressed  to  the  point  of  being  non-tender  and 
shotty  at  3  to  4  weeks. 

The  recovery  rate  of  F.  tularensls  following  the  initiation  of  bacterio¬ 
static  drug  tharapy  in  the  typhoids!  tularemia  cases  is  demonstrated  in 
Figure  3.  It  should  be  noted  that  the  organism  was  regularly  Isolated  from 
sputa,  pharyngeal  washings,  aud/cr  gastric  washings  throughout  the  first, 
but  not  the  second,  week  of  treatment,  irrespective  of  whether  therapy  was 
started  during  the  first,  second,  or  third  week  of  Illness. 

Only  three  patients  had  complicated  clinical  courses  during  their  initial 
tristsssnti  Ons  isdividusl  on  the  12th  day  pf  1 1  In? **  d?v6l®p?d  s.  1®?®?  gyb** 
mandibular  lymph  node  which  was  eventually  biopsled  (Case  22).  Another 
patient  had  a  slowly  clearing  pleural  effusion  with  residual  pleural  thickening 
in  spite  of  21  days  of  tetracycline  therapy  (Case  13).  The  third  patient,  who 
was  critically  ill,  responded  promptly  to  therapy  but  required  a  two  month 
convaleacence  (Case  18). 

Four  patients  had  an  excellent  initial  response  to  tetracycline,  followed 
by  a  recrudescence  of  disease  one  to  two  weeks  after  cessation  of  therapy 
(Figures  4  and  5).  In  each  instance  the  symptoms  were  lees  severe  than  during 
the  initial  illness.  Sedimentation  rare  and  CKF  were  again  abnormal. 

Case  26  with  typhoidal  tularemia  relapsed  7  day#  after  a  10-day  course 
of  tetracycline  started  on  the  6th  day  of  disease. 

Case  17  with  typhoidal-pulmonic  disease  relapsed  14  days  after  com¬ 
pletion  of  7  days  of  tetracycline  begun  on  the  3rd  day  of  illness.  Therapy 
was  initiated  on  the  2nd  day  of  relapse  and  attempts  to  isolate  tue  organism 
from  the  pharyngeal  and  gastric  washings  were  unsuccessful. 
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FIGURE  4.  SUMMARIES  OF  TWO  RELAPSE  CASES  OF  TYPHOIDAL 
TULAREMIA.  CASE  6.  WITH  PULMONARY  INVOLVEMENT,  UNTREATED  DURING  RELAPSE. 

CASE  17  WITH  PULMONARY  INVOLVEMENT,  TREATED  DURING  RELAPSE. 


CASE  6  30  W  <3* 


FIGURE  5.  SUMMARIES  OF  TWO  RELAPSE  CASES  OF  TYPrtOIDAL 
TULAREMIA.  CASE  20.  WITH  PULMONARY  INVOLVEMENT  TREATED  DURING  RELAPSE. 

CASE  26.  WITH  PULMONARY  INVOLVEMENT  TREATED  DURWG  RELAPSE 
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Cate  20  with  typhot dal- pulmonic  disease  had  a  relapse  of  grippal  symptoms 
and  pleuritic  chest  pain  14  days  after  completing  11  days  of  tetracycline 
instituted  on  the  5th  day  of  disease. 

In  each  instance,  i  2  gs  daily  oral  dose  of  tetracycline,  given  for  10  to  14  days, 
promptly  controlled  the  disease. 

Case  6  with  typhoidal-pulmonic  disease  relapsed  7  days  after  completion  of 
a  week  of  tetracycline  started  on  the  7tb  day  of  Illness.  Unfortunately  no 
attempt  was  made  to  Isolate  the  organism  during  this  presumed  relapse,  nor  was 
additional  therapy  given. 

The  Interrelationship  of  the  week  broad  spectrum  therapy  waa  started,  duration  of 
therapy,  and  relapse  Incidence  le  demonstrated  in  Table  V. 

Thirteen  of  the  20  treated  patients  with  typhoidal  tularemia,  were  given 
bacteriostatic  antibiotics  within  the  first  7  days  of  their  Illness;  the  four 
relapses  occurred  in  '.his  group.  In  contrast,  there  were  no  recurrences  in  the 
15  Individuals  who  were  treated  with  a  similar  dosage  and  duration  after  the 
first  week  of  Illness.  Despite  the  absence  of  frank  relapse  In  this  latter 
group,  five  asymptomatic  patients  (Table  VI)  had  rises  in  sedimentation  rate 
and/or  CRP  occurring  at  about  the  same  time  as  the  previously  described  clinical 
relapses,  i.e.,  1  to  3  weeks  after  therapy  (Figure  6). 

TABLE  VI.  RELAPSES  AND  "SUBCLINICAL".^  REBOUNDS  IN  30  CASES  OF  TULAREMIA^ 

WITH  RESPECT  TO  TIME  OF  INITIATION  AND  DURATION  OF  BROAD  SPECTRUM 
THERAPY 


DURATION 

NUMBER  OT 

CASES 

OF 

THERAPY 

days 

Therapy 

started 

firat 

week 

Clinical 

Relapses 

"Subclinical" 

Rebounds 

Therapy 
started 
second  or 
third  week 

Clinical 

Relapses 

"Subclinical 

Rebounds 

6-8 

3 

2 

0 

3 

0 

2 

10  -  11 

7 

2 

1 

7 

0 

0 

13  -  14 

1 

0 

0 

5 

0 

2 

>  14 

2 

0 

1 

2 

0 

1 

Total  No, 

r 

n 

4 

2 

17 

0 

5 

a.  See  text  for  definition. 


b.  Includes  28  typhoidal  and  2  ulceroglandular  esaes. 


This  "subelinical"  rebound  also  occurred  in  two  patients  in  whom  therapy  had 
been  initiated  during  the  first  week  of  illness. 

Two  hospitalised  cases  did  not  receive  specific  therapy.  One  patient 
(Case  7)  was  hospitalised  on  the  fourth  day  of  an  Illness  characterised  by 
low-grade  fever  and  mild  grippal  symptoms.  He  was  asymptomatic  the  following 
day.  The  other  patient  (Case  33)  complained  of  frontal  headache,  low  back 
pain,  weakness,  moderate  cough,  and  occasional  shaking  chills  of  one  weeks 
duration.  On  the  first  hospital  day  his  temperature  reached  104. 0*F;  on  the 
following  day  he  was  afebrile  and  asymptomatic.  Chest  films  were  normal  and 
attempts  to  isolate  the  organism  were  unsuccessful.  A  positive  skin  test  and 
a  subsequent  rise  in  tularemia  agglutinating  antibody  from  1:10  to  1:1280 
confirmed  the  diagnosis. 

C.  NON- HOSPITALIZED  PATIENTS  (Table  II) 


It  has  become  a  routine  procedure  to  obtain  follow-up  tularemia  agglutinin 
titers  and  skin  tests  after  non-specific  respiratory  or  grippal  illness  that 
may  occur  In  a  laboratory  worker.  Three  cases  (Nos.  35,  36,  37)  were  identi¬ 
fied  in  this  manner.  Each  had  had  mild  grippal  and  upper  respiratory  symptoms 
lasting  for  7  to  10  days.  Convalescent  sera  demonstrated  an  8-£old  rise  in 
the  tularemia  agglutinin  titers  within  four  to  six  weeks  and  the  akin  teat 
converted  to  positive.  The  remaining  five  patients  were  not  seen  during  their 
illness.  One  individual  (Case  38)  reported  a  potential  exposure;  blood  was 
drawn  and  a  tularemia  antibody  titer  was  reported  as  1:40.  At  a  follow-up 
evaluation  23  days  later  the  titer  was  1:1280;  and  the  skin  test  had  converted 
to  positive.  Interval  history  indicated  a  mild  grippal  and  respiratory  Illness 
of  approximately  ten  days  duration  which  occurred  12  days  following  exposure. 

A  fifth  patient  (Case  39)  was  identified  by  his  participation  in  a  vaccine 
evaluation  study  in  which  monthly  agglutinin  titers  were  obtained.  Five  months 
following  the  initial  vaccine  series  hie  titer  was  known  to  be  1:80.  One  month 
later  it  was  noted  to  be  1:1280  and  the  skin  test  was  positive.  An  Interval 
history  revealed  a  mild  reapiratory  illness  of  three  days  duration  occurring  18 
days  before.  Another  Individual  (Case  40)  was  seen  by  his  local  physician  and 
treated  for  possible  sinusitis  and  bronchitis.  He  received  400,000  units  of 
penicillin  and  0.5  gm  of  streptomycin  on  the  first  day  of  illness.  There  was 
temporary  improvement  but  similar  therapy  on  the  13th  and  14th  days  of  disease 
were  necessary  before  he  became  asymptomatic.  Such  a  response  should  be  antici¬ 
pated  since  this  individual  worked  with  a  streptomycin-sensitive  strain  of 
P.  fularensis.  Five  months  before  this  illnesB  his  titer  was  1:20.  There  had 
been  no  intervening  booster  series  or  serial  tularemia  agglutinin  titers.  Forty 
days  after  onset  of  his  mild  bronchitis,  the  tularemia  titer  was  1:1280  and  his 
skin  test  converted  to  positive.  He  was  the  only  patient  of  the  non- hospital iced 


group  to  receive  any  therapy.  X,,  the  ,cw&lulug  two  pat-icutv  ponses  hi  ana  a 
high  titer  and  a  positive  skin  test  were  noted  at  the  time  of  evaluation  for 


booster  vaccination.  Anamnesis  revealed  a  mild  respiratory  and  grippal  symptom 


complex  from  three  to  seven  days  in  duration  which  had  occurred  during  the 


preceding  month  and  could  have  represented  a  mild  episode  of  typhoidal  tularemia. 
Thus  the  eight  non-hospitalixed  cases  had  illnesses  characterised  by  mild  grippal 
symptoms ,  occasional  slight  evening  fever,  slight  cough,  minimal  sore  throat,  and 


nasal  stuffiness  varying  in  duration  from  three  days  to  as  long  as  two  weeks. 


FIRST!  WEEK 


CASE  > 
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FIGURE  7  SUMMARIES  OF  TWO  CASES  OF  TYPHOIDAL  TULAREMIA 
WITH  PULMONARY  INVOLVEMENT.  CASE  7.  MILDLY  ILL,  UNTREATED. 

CASE  9  MODERATELY  ILL.  TREATED. 


CASE  7  27  N^1 
ONSET  II  FtB  57 
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D.  FOLLOW-UP  EXAMINATION 

Approximately  three- fourths  of  the  42  patients  have  been  follower  for  at 
least  six  months  after  their  illness.  Thirty-nine  of  the  group  have  remained 
asymptomatic;  three  typhoidal  cases  have  had  residual  complaints.  One  indi¬ 
vidual  (Case  13)  in  whoa  therapy  was  started  on  the  ICth  day  of  illness  con¬ 
tinued  to  have  a  low-grade  fever  for  the  first  11  days  of  a  21-day  court',  of 
tetracycline.  The  multiple  ovate  bbonchopneumonic  lesions  promptly  subsided, 
bat  the  pleural  reaction  failed  to  clear  completely  until  eight  aonths  later. 

This  patient's  oi.ly  complaint  was  dull  intermittent  right  lower  posterior 
chest  pain.  A  stag-horn  calculus  of  the  right  kidney,  which  existed  prior  to 
tularemia  Infection,  was  removed  seven  months  after  discharge  from  the  hospital 
and  the  vague  leer  chest  psin  subsided.  The  remaining  two  typhoidal  cases  had 
clinical  relapses  following  excellent  respouses  to  Initial  therapy.  One  indi¬ 
vidual  (Case  26)  presqitly  responded  to  the  second  course  of  tetracycline  therapy. 
Nevertheless,  he  continued  to  complain  of  easy  fatigability  and  generalised 
myalgia  on  diu  p  days  in  spite  of  the  absence  of  subjective  physical  findings, 
normal  temperature,  normal  sedimentation  rate,  and  negative  CRP  over  the  suc¬ 
ceeding  sine  month  follow-up  period.  The  remaining  patient  (Caae  6)  did  not 
receive  antibiotic  therapy  during  hie  relapse.  He  complained  of  easy  fati¬ 
gability,  substernal  chest  tightness,  generalised  arthralgias,  and  noted  an 
occasional  1  to  2*  evening  temperature  rise.  In  addition,  the  sedimentation 
rate  and  CRP  remained  abnormal.  The  symptoms  and  signs  of  low-grade  illness 
spontaneously  subsided  after  six  months;  during  the  past  year  he  has  enjoyed 
good  health.  One  of  the  17  patients  with  x-ray  evidence  of  pulmonary  involve¬ 
ment  has  residual  changes*  a  small  linear  area  of  fibroais  in  the  area  of 
previous  lobar  pneumonia  is  still  present  eight  months  later  (Case  18). 

E.  CASE  REPORTS 
Case  7  (Figure  7) 

This  27  year  old  negro  was  admitted  November  14,  1956.  Three  days 
earlier  he  noted  intermittent  chillineaa,  slight  feverishness,  and  a  daily  oral 
temperature  ranging  from  100.0  to  101. Q*F.  Physical  examination  revealed  a 
robust  male  in  no  distress.  Physical  findings  were  limited  to  a  few  crepitant 
rales  «ysr  the  mia-poiLion  of  the  left  posterior  lung  field  and  a  rectal  tempera¬ 
ture  of  101. 0*F.  On  the  5th  day  of  illness  he  spontaneously  became  afebrile  and 
asymptomatic  with  the  chest  rsles  clearing  by  the  end  of  the  first  week  of 
observation.  Admission  laborctory  data  included  a  white  blood  cell  count  of 
10,000/cu  mm  with  a  normal  differential,  a  sedimentation  rate  of  26  mm/hour,  and 
a  3+  CRP.  Blood  cultures  on  the  3rd  through  the  6th  day  of  illness  were  negative. 
A  streptomycin-resistant  strain  of  P.  tularenals  was  isolated  on  direct  culture 
and  by  guinea  pig  Inoculation  from  the  pharyngeal  washing  of  the  3rd  day  of  ill¬ 
ness.  A  gastric  washing  obtained  on  the  6th  day  of  disease  was  positive  (the 
patient  waa  afebrile  and  asymptomatic) •  Pharyngeal  and  gastric  washings  were 
negative  on  the  16th  day  of  illness.  Admission  chest  film  revealed  a  prominent 
left  hilar  area  and  a  juxta-hilar  4  by  5  cm  bronchopneumonic  patch  involving 
the  left  upper  lobe.  These  abnormalities  regressed  within  the  first  week 
and  thereafter  slowly  cleared,  being  no  longer  evident  by  the  30th  day  of  ill¬ 
ness.  Because  of  the  mildness  and  prompt  remission  of  systems  no  specific 
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therapy  was  instituted.  The  CRP  was  negative  by  the  13th  day  while  the 
sedimentation  rate  reached  normal  by  the  39th  day  o£  illness. 

Five  months  prior  to  illness  the  patient  received  an  initial 
vaccine  series  for  tularemia.  There  were  no  intervening  booster  series; 
the  agglutinin  titer  25  days  before  illness  was  1:60.  The  titer  toss  to 
1:1280  and  1:2560  by  the  6th  and  9th  days  of  illness,  respectively;  one 
year  later  it  was  still  1:640.  The  skin  test  on  the  5th  hospital  day  was 
positive.  Throughout  a  12-month  follow-up  he  has  remained  well. 

COMMENT 

This  case  demonstrates  how  minimal  and  self-limited  the  symptoms 
may  be  in  laboratory- acquired  tularemia.  The  hilar  lymph  node  enlargement 
and  Juxta-hilar  bronchopneumonia  occurred  in  the  absence  of  sovere  Illness 
or  respiratory  symptoms.  P.  tularensis  was  Isolated  from  pharyngeal  and 
gastric  washings  during  the  first  week  of  disease.  Eight  non-hospltallzed 
patients  and  one  other  ward  patient  also  had  as  mild  illnesses.  No  corre¬ 
lation  with  the  number  of  previous  tularemia  vaccinations  and  severity  of 
disease  was  evident.  This  patient  exemplifies  another  unusual  feature: 
the  8-fold  rise  in  titer  appeared  in  the  first  week  of  illness;  this  early 
rise  was  observed  in  only  one  other  equally  mild  case.  The  remaining  40 
patients  failed  to  have  such  rapid  rises  in  agglutinin  titer,  although  many 
were  only  mildly  ill. 

Case  9  (Figure  7) 

This  37  year  old  white  male  was  admitted  February  27,  1957.  There 
bad  been  no  recognized  exposure  although  4  days  before  onset  of  symptoms 
he  had  cleaned  a  potentially  contaminated  laboratory.  He  had  received  an 
initial  vaccine  series  about  three  years  prior  to  illrmss.  There  was  one 
intervening  booster,  26  months  before  i  loess.  Two  months  before  infection 
the  tularemia  agglutinin  titer  was  1:80. 

Two  days  prior  to  admission  the  patient  noted  mild  feverishness, 
chilliness,  intermittent  sweats,  moderate  fatigure,  generalized  myalgias, 
anorexia,  and  frontal  headache.  By  the  3rd  day  of  symptoms  there  was  mild 
nasal  stuffiness  and  an  irritating  non-productive  cough.  A  dull  anterior 
left  chest  pain  became  apparent  by  the  6th  day  of  illness. 

Physical  examination  revealed  a  well-nourished  white  male  who 
appeared  to  be  only  mildly  111.  Rectal  temperature  was  103. 0*F  and  there 
waB  injection  of  the  nasal  and  pharyngeal  mucosa.  Admission  laboratory 
data  Included  a  white  blood  cell  count  of  10,000/eu  mm  with  72  per  cent 
neutrophils  and  16  per  cent  bands,  a  sedimentation  rate  of  34  mm/hour,  and 
a  4+  CRP.  Admission  chest  film  revealed  a  1-cm  oval,  junta-hilar,  bronche- 
pneumonlc  patch  in  the  left  mid-lung  field  which  fused  with  the  prominent 
hilar  area.  Blood  cultures  of  the  3rd,  4th,  5th,  and  8th  days  of  illness 
were  negative.  Pharyngeal  washings  of  the  1st  through  the  3-d  hospital 
days  were  positive  on  culture  and  guinea  pig  Inoculation  for  a  strepto¬ 
mycin-resistant  strain  sf  P.  tularensis.  Gastric  washings  of  days  2  and 
3  were  positive  for  a  similar  Isolate  by  guinea  pig  inoculation.  Material 
from  nasal  swabs  waa  cultured  throughout  the  same  period  but  was  negative . 
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a  skin  tent  performed  on  Che  4th  day  of  Illness  was  read  as  positive  46  hours 
later. 


Oral  tetracycline  was  started  on  the  2nd  hospital  day,  2  gm  "loading 
dose"  plus  2  gm  dally  in  four  divided  doses  for  the  next  16  days,  Within  36 
hours  he  was  afebrile,  fully  ambulatory,  and  complained  only  of  slight  nasai 
stuffiness,  vague  left  subpectoral  chest  pain,  and  a  dry  non-productive  cough. 
These  aymptoma  disappeared  within  the  ensuing  week. 

The  pharyngeal  washings  remained  positive  for  _P .  tularensis  from  tfie 
2nd  through  the  7th  days  of  treatment,  but  were  negative  thereafter.  Forty- 
eight  houra  after  atarting  tetracycline,  the  bronchopneuaumic  patch  had 
enlarged  to  2  to  3  cm;  thereafter  it  slowly  resolved  snd  was  no  longer  evident 
by  tb»  43rd  day  of  illness.  The  sedimentation  rate  and  CRP  returned  to  normal 
by  the  14th  day  of  therapy.  Although  the  patient  remained  asymptomatic  seven 
days  following  completion  of  therapy  the  sedimentation  rate  was  found  to  be  20 
mm/hour.  It  spontaneously  returned  to  normal  by  the  36th  day  of  illness.  The 
tularemia  agglutinin  titer  rose  during  the  second  week  and  reached  a  diagnostic 
level  of  1:640  by  the  29th  day.  In  e  12-month  follow-up  period  he  has  remained 
well . 


COMMENT 

This  case  is  representative  of  the  majority  of  typholdal-pulmonlc 
disease  seen  in  this  series.  In  addition  to  grippal  symptoms  there  were  dry 
irritating  cough,  vague  cheat  ache,  and  nasal  stuffiness .  The  x-ray  revealed 
a  left  hilar  enlargement  and  a  juxta-hilar  oval  bronchopneumonic  patch.  All 
but  two  of  the  17  caaes  with  pulmonary  involvement  had  similar  pneumonic 
infiltrates.  The  positive  skin  teat  was  helpful  in  suggesting  tularemia  and 
a  specific  diagnosis  was  possible  72  hours  after  admission  by  culture  of  gastric 
and  pharyngeal  washings.  As  was  usually  the  case,  the  "diagnostic  rise"  in  the 
agglutinin  titer  did  not  occur  until  the  4th  week. 

The  prompt  loss  of  fever  and  symptoms  and  improvement  oi  the  abnormal 
chest  film,  sedimentation  rate,  and  CRP  were  characteristic  responses  to  tetra¬ 
cycline  therapy.  The  organism  could  regularly  be  isolated  during  the  first 
week  of  drug  treatment.  The  rise  of  the  sedimentation  rate  7  days  after  com¬ 
pletion  of  tetracycline  and  in  the  absence  of  symptoms  was  considered  a  "sub- 
clinical  rebound"  (Figure  3).  This  occurred  at  the  saw  time-interval  following 
completion  of  therapy  as  did  other  clinical  relapses,  l.e.,  1  to  3  weeks. 

Case  14  (Figure  8) 

This  34  year  old  white  male  was  initially  admitted  February  5,  1956. 

His  first  attack  of  tularemia  occurred  prior  to  this  study.  This  patient 
received  an  initial  vaccine  series  14  months  prior  to  hie  first  infection,  with 
one  i  ntervnning  booster  six  months  before  his  first  illness. 

Four  days  before  this  first  admission,  he  noted  the  onset  of  generalised 
malaise,  frontal  headache,  raw  throat,  nasal  stuffiness,  dry  non-productive  cough. 


25 


FIGURE  6.  SUMMARIES  OF  TWO  CASES  OF  TYPHOIDAL  TULAREMIA 
WITH  PULMONARY  INVOLVEMENT. 

CASE  (4.  SEVERELY  ILL,  HR  ST  fNTECTION,  TREATED.  MODERATELY  ILL, 
REINFECTION,  TREATED. 

CASE  16.  CRITICALLY  ILL,  TREATED. 
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examination  revealed  a  moderately  toxic  appearing  male  with  an  oral  temperature 
of  1G3.06F.  There  were  diminlBhed  breath  Bounds  and  inspivatJry  rhonehi  over 
the  posterior  left  lower  lung  field.  Admission  laboratory  studies  revealed  a 
white  blood  cell  count  of  10, 300/cu  sss  with  normal  differential  and  a  sedimen¬ 
tation  rate  of  5  nu/hour.  A  chest  film  revealed  a  3  by  2  cn  oval  density  lying 
in  the  third  anterior  interspace  of  the  left  lung  merging  with  the  hilar  shadows, 
Bloods  on  culture  and  guinea  pig  inoculation  were  negative  for  P.  tularensla  on 
the  2nd,  3rd,  and  4th  hospital  days.  Pharyngeal  washings  on  these  same  dates 
were  positive  for  the  streptomycin-resistant  strain. 

Therapy  was  instituted  on  the  2nd  hospital  day  and  consisted  of  2  gra  of 
oral  tetracycline  and  1  gm  of  intramuscular  streptomycin  dally  for  11  days. 

During  the  first  48  hours  of  treatment  the  oral  temperature  fluctuated  between 
100.0  and  105. 0*F;  there  were  alternating  severe  chills  and  sweats.  At  each 
temperature  spike  aspirin  wr.s  given.  After  72  hours  he  was  afebrile  and 
essentially  asymptomatic  with  the  exception  of  dull,  left  chest  pain  and  a 
mild  non-productive  cough;  theae  symptoms  subsided  by  the  completion  of  therapy. 
The  pulmonic  lesions  regressed  and  there  was  only  a  slight  residual  infiltrate 
by  the  24th  day  of  illness.  There  were  no  further  films  during  the  acute  phase 
but  the  chest  film  nine  months  later  was  normal.  The  tularemia  agglutinin  titer 
27  days  prior  to  illness  was  1:640  and  varied  between  this  level  and  1:1280 
throughout  the  illness.  The  tularemia  skin  test  one  year  later  was  positive. 

In  the  intervening  18  months  prior  to  reinfection  he  enjoyed  good 
health.  He  was  admitted  the  second  time  on  December  31,  1957;  aeven  days 
earlier  he  had  noted  intermittent  feverishness,  chilliness,  night  sweats, 
increasing  fatigue,  general iaed  myalgia,  mild  frontal  huadache,  non-productive 
cough,  and  diffuse  substernal  chest  soreness.  Physical  examination  revealed  a 
well-developed,  well-nourished  male  who  appeared  mildly  ill.  The  only  physical 
findings  were  a  rectal  temperature  of  101. 0°F  and  a  few  crepitant  rales  in  the 
left  mid-axillary  line  at  the  level  of  the  angle  of  the  scapula.  Admission 
laboratory  data  showed  a  white  blood  count  of  13,000/cu  saa  with  normal  differ¬ 
ential,  sedimentation  rate,  26  ma/hour,  and  CRP  of  4+.  A  chest  film  revealed  a 
2-cm  oval  infiltrate  with  indistinct  borders  lying  in  the  mid-portion  of  the 
left  lower  lung  field.  This  infiltrate  was  slightly  lateral  to  the  previous 
area  of  involvement.  An  admlsaion  gastric  washing  was  positive  for  the  strepto¬ 
mycin-sensitive  strain  of  P.  Jt ularerai jt .  The  organism  was  isolated  in  a  similar 
manner  from  small  amounts  of  sputum  obtained  on  the  2nd  and  3rd  hospital  days. 
However,  the  pharyngeal  washings  of  the  1st  through  the  6th  hospital  days  were 
negative , 

Oral  tetracycline,  2  gm  dally,  was  started  on  the  2nd  hospital  day  and 
continued  for  10  days.  The  grippal  symptoms  and  fever  subsided  within  48  hours; 
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rate  and  CRP  were  normal  by  the  28th  day;  the  pulmonary  Infiltrate  had  cleared 
by  the  42nd  day  of  illness.  The  tularemia  agglutinin  titer  six  months  prior  to 
reinfection  was  1:160.  During  the  2nd  through  the  6tb  week  of  illness  the  titer 
fluctuated  between  1:320  and  1:640  and  reached  a  peak  level  of  1:1280  on  the  70th 
day.  Throughout  a  9-month  follow-up  the  patient  hax  remained  well. 


COMMENT 


During  each  illness,  upper  and  lover  respiratory  tract  symptoms  were 
prevalent}  bronchopneumonia  Involving  the  left  lower  lobe  was  noted.  During 
the  flret  episode  the  symptoms  wre  moderately  severe  and  Incapacitating.  It 
la  probable  that  the  uae  of  aspirin  at  the  peaks  of  fever  contributed  to  the 
disability  by  producing  wide  awing*  in  the  temperature  with  el tern*. king  severe 
chills  nod  swats.  This  has  not  bean  observed  since  the  use  of  entipyretlcs 
was  discontinued. 

Thlo  was  the  only  instance  of  recognised  reinfection  among  our  patients 
though  ell  heve  returned  to  the  laboratory  and  worked  with  P.  tuleregeis.  It 
ohould  be  noted  that  the  initial  disease  was  caused  by  a  streptomycin-resistant 
organism  whereas  reinfection  was  caused  by  a  streptomycin-sensitive  strain} 
both  infections  occurred  with  high  pre-illness  agglutinin  titers.  Tetracycline 
was  effective  and  the  use  of  streptomycin  during  the  initial  illness  was  un¬ 
warranted. 


Case  18  (Figure  8) 


This  43  year  old  colored  smle  was  admitted  February  16,  1958.  He  had 
received  an  Initial  vaccine  series  seven  years  earlier.  The  last  of  -.’-'•'"e 
subsequent  boosters  had  been  given  approximately  four  years  prior  tc  .^*soj 
as  late  as  October,  1957,  the  agglutinin  titer  was  1:10.  There  had  been  no 
recognised  exposure.  Five  days  prior  to  admission  the  patisnt  noted  tha\  sudden 
onset  of  chilliness,  generalised  aching,  nasal  stuffiness,  and  retrobulb&r  pain. 
In  the  Out-patient  Department  three  hours  later  the  physical  examination  was 
normal  with  the  exception  of  an  oral  temperature  of  99.f*F.  The  white  blood 
cell  count  was  14,900/cu  mm  with  .5  per  cent  polymorphoi aclear  leukocytes  and 
the  sedimentation  rate  was  19  mm/hour;  the  tularemia  agglutinin  titer  waa 
negative.  Symptomatic  therapy  was  prescribed  for  the  mild  upper  respiratory 
illness  and  the  patient  was  advised  to  return  should  the  symptoms  psrslst  ox 
progress  In  severity.  For  the  next  five  days  there  ware  increasingly  savers 
sweets,  fever,  sere  throat,  productive  cough,  nausea,  and  voadting.  By  the 
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tinged  sputum,  and 
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moderate  diarrhea  were  now  also  present  and  an  occasional 


oral  temperature  taken  at  home  varied  between  104.0  and  106. 0"F, 


He  again  sought  medical  attention  on  the  evening  of  the  6th  day  of 
illness.  Physical  examination  revealed  a  well-developed,  well-nourished, 
orelnted  male  who  appeared  apprehensive,  dyspneic,  and  acutely  ill.  Rectal 
temperature  was  105.0*7,  the  pulse  rate  was  130,  regular  and  full,  and  the 
blood  pressure  was  130/70.  There  was  moderate  edema  of  the  nasal  mucosa  and 
diffuse  hyperemia  of  the  pharynx.  Dullness  to  percussion,  crepitant  rales,  and 
a  pleural  friction  rub  were  apparent  over  the  upper  two-thirds  of  the  left  chest 
but  the  right  chest  was  clear.  The  abdomen  was  not  distended,  no  masses  were 
palpable,  and  peristalsis  was  normal  on  auscultation. 


Admission  laboratory  data  showed  a  white  blood  cell  count  of  8,800/cu 
ram  with  87  per  cent  polymorphonuclear  leukocytes  of  which  70  per  cent  were  bands, 
a  sedimentation  rate  of  32  mm/hour,  a  CRP  of  4*,  and  a  normal  urinalysis  except 
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for  a  2+  albuminuria.  A  sickle  cell  preparation  was  negative.  Tub  chest  fils 
(Figure  2b)  revealed  a  diffuse,  mottled  infiltrate  in  the  left  upper  lobe,  left 
hilar  prominence  and  an  early  reticulated  infiltrate  in  the  right  cardlephrenlc 
angle.  Lateral  films  of  the  chest  revealed  the  apical  posterior  segment  of  the 
left  upper  lobe  to  be  principally  involved. 

The  severe  respiratory  Illness,  normal  white  blood  count  and  diffuse, 
multiple  pulmonary  infiltrates  with  hilar  adenopethy  prompted  tha  diagnosis  of 
"probable  tularemia."  One  hour  after  adsdsslou  a  one  gram  "loading  dose"  of 
oral  tetracycline  was  given,  followed  by  0.5  gm  every  six  hours.  Within  24 
hours  the  peak  rectal  temperature  of  106. 0*F  had  fallen  to  101. 8*F.  However, 
during  this  period  the  respiratory  rate  rose  to  60  per  minute  with  accompanying 
cyanosis  and  tracheal  rattle.  The  cough  was  non-productive)  there  were  wet 
rales  throughout  both  lung  fields  Indicating  an  extension  of  the  disease 
process.  Chest  films  on  the  7th  day  of  illness  indicated  multiple  0.5-cm 
lesions  throughout  the  right  and  left  lung  fields.  In  addition,  there  wua 
abdominal  distention  with  progressive  diarrhea.  Consequently,  the  oral  tetra¬ 
cycline  was  replaced  with  intravenous  oxy tetracycline  in  a  dose  of  1.5  gm  dally 
for  the  next  five  days.  Supportive  therapy  consisted  of  intravenous  fluids  and 
electrolytes,  oxygen  by  tent,  and  intermittent  I supra 1  HC1  (Winthrep  Laborator¬ 
ies)  by  nebullzatlon  along  with  Intravenous  ami rophyl line  in  an  attempt  to 
decrease  tbe  respiratory  distress.  In  spite  of  the  control  of  fever  end 
absence  of  vascular  collapse,  the  patient's  condition  remained  critical.  On 
the  3rd  hospital  day  paraldehyde  was  necessary  to  control  the  delirium.  At 
this  time  the  shallow  and  rapid  respirations  had  increased  to  70  per  minute, 
heart  rate  was  150,  the  cough  was  still  nrm-productiva ,  cyanosis  continued  and 
the  thick  bloody  bronchial  secretion  could  not  be  aspirated  by  suction. 

A  tracheotomy  was  performed  on  the  4th  hospital  day  to  reduce  dead  air 
apace  and  permit  more  direct  aspiration  of  bronchial  secretions.  This  allowed 
the  intermittent  removal  of  thick  tenacious  yellow  and  bloody  secretions. 

Within  the  next  48  hour  the  respiratory  rate  decreased  to  40  per  minute,  the 
tracheal  rattle  cleared,  and  the  rales  throughout  both  lung  fields  decreased. 

By  the  6th  hospital  day  intravenous  fluids  were  no  longer  necessary;  orel 
tetracycline  in  a  dose  et  3  gm  daily  was  begun  and  continued  for  the  remainder 
of  the  21-day  course  of  broad  spectrum  therapy.  By  the  13th  hospital  day  the 
patleut  was  afebrile,  the  respiratory  rate  was  normal,  and  there  was  only  a 
alight  non-productive  cough.  The  following  day  he  complained  of  wild  headache 
and  low  back  ache;  rectal  temperature  was  101. 6*F.  Because  of  the  presence  of 
several  Influenza  cases  on  the  ward,  a  pharyngeal  washing  was  obtained  and 
Type-A-Japan-57  waa  recovered.  This  virus  was  not  recovered  from  the  pharyn¬ 
geal  washings  obtained  on  the  day  of  admission.  Within  three  days  the  siild 
grippal  symptoms  subsided.  At  the  completion  of  drug  therapy  the  patient's 
exly  cssplalnts  were  moderate  fatigue,  alight  dyspnea  on  exertion,  and  mild 
right  ankle  edema. 

Thirty-six  hours  after  admission  the  laboratory  reported  the  Isolation 
of  the  streptomycin-resistant  strain  of  _P .  tularensls  from  the  sputum.  Blood 
cultures  on  the  second  hospital  day  were  also  positive,  as  were  the  gastric  and 
pharyngeal  washings.  The  organism  was  readily  Isolated  from  the  sputum  on  the 
first  two  days  of  therapy  but  could  not  be  isolated  on  the  6th  day.  However, 
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material  taken  directly  from  the  trachea  was  positive  on  guinea  pig  inoculation 
as  late  at  the  6th  day  of  drug  therapy.  The  organism  could  not  be  isolated  from 
the  sputa*  during  the  2nd  week  of  treatment.  A  skin  test  was  negative  on  the 
14th  day  o£  illness  but  positive  on  the  28th  day.  The  tularemia  agglutinin  titer 
rose  during  the  2nd  week  of  illness  to  1;16?  and  reached  1;12SC  by  the  3rd  week. 

During  the  second  month  of  convalescence  his  strength  rs turned,  the 
exartienal  dyspnea  subsided  and  he  regained  the  25  pounds  lent  during  the  acute 
phase  of  illness.  The  GRP  was  negative  by  the  25th  day  of  illness  but  the 
sedimentation  rate  icmalned  elevated  for  an  additional  month.  At  a  9-smrath 
follow-up  evaluation  the  patient  was  asymptomatic  with  the  exception  of  mild 
right  ankle  edasse  due  to  phlebitis  following  intravenous  cucy tetracycline  therapy. 
Serial  chest  films  revealed  only  a  fine  linear  strand  in  the  area  of  previous 
pneumonitis. 

CCHMEKT 

This  was  the  only  critically  111  patient  of  this  group.  The  severe 
grippal  and  respiratory  symptom c  delirium,  abdominal  distention,,  and  diarrhea 
are  characteristic  of  the  fatal  forms  of  untreated,  naturally-occurring 
typhoidal  tularemia.  This  case  provided  the  only  occssion  when  the  organism 
was  insisted  from  the  blood.  This  was  consistent  with  prior  experience,  i.e., 
positive  blood  cultures  have  been  obtained  only  in  the  fulminating  and  terminal 
phase  of  illness. 

Brsad  spectrum  therapy  dramatically  controlled  fevar;  however,  the 
extensive  pulmonary  involvement  with  resulting  respiratory  inaufflclency  remained 
a  threat  to  the  patient's  survival.  The  tracheotomy  on  the  4th  day  of  hospital¬ 
isation  appeared  to  turn  the  tide.  The  pulmonary  infiltrate  began  to  resolve 
within  the  first  week  of  therapy  and  thereafter  slowly  cleared;  a  minimal 
residual  fibrotlc  strand  was  all  that  remained  nine  months  later.  It  was 
possible  to  isolate  the  organism  throughout  the  first  week  of  therapy.  The 
skin  test  was  not  helpful  in  early  diagnosis  since  It  was  negative  in  the  first 
two  weeks  of  illness  and  the  agglutinating  ahtlbedles  were  not  at  a  "diagnostic" 
level  until  the  third  week. 

Case  20  (Figure  5) 

This  40  year  old  white  male  was  Admitted  April  30,  1958.  Six  days 
earlier  he  had  inoculated  guinea  pigs  with  P.  tularemia,  SCKU  S4  strain.  Three 
days  later  he  noted  mild  malaise,  feverishness,  occasional  meats,  nasal  stuffi¬ 
ness,  a  slightly  productive  cough,  and  a  dull,  aching,  left  lower  chest  pain 
accentuated  by  breathing.  An  initial  vaccination  series  had  been  given  approxi¬ 
mately  a  year  prioi:  to  illness  followed  by  a  booster  series  six  months  later. 

Two  months  prior  to  illness  the  tularemia  agglutinin  titer  was  1:40. 

Physical  axamluatlon  revealed  an  obese,  white  male  who  appeared  to  be 
mildly  ill  with  a  rectal  temperature  of  100. 2*F.  Admission  laboratory  data 
included  a  white  blood  cell  count  of  9,750/cu  mm  with  a  normal  differential,  a 
sedimentation  rate  of  21  ma/hour,  and  a  4+  CRP.  A  linear  radiodensity  was 
noted  in  the  left  lower  lung  field  compatible  with  a  small  area  of  plate-like 
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atelectasis.  On  the  2nd  hospital  day  the  temperature  reached  104. 0#F;  he 
appeared  more  toxic  arid  complained  or  pleuritic  pain  in  the  rert  cnest  ana 
substernal  tightness. 

Oral  tetracycline  in  a  dosage  of  2  gs  dally  was  began  on  the  3rd 
hospital  day  and  continued  for  11  days.  Within  46  hours  he  was  afebrile,  and 
by  96  hours  asymptomatic.  On  the  2nd  day  of  therapy  the  cheBt  film  revealed 
the  maximum  extent  of  involvement.  In  addition  to  the  atelectasis,  there  was 
a  small  left  pleural  effusion  and  two  oval  1  by  2  cm  bronchopneumonic  patches 
lying  Juxta-hilar  in  the  left  3rd  and  4th  anterior  interspaces.  The  admission 
gastric,  pharyngeal,  and  sputum  specimens  were  reported  as  positive  for  the 
streptomycin-sensitive  strain.  The  sputum  remained  positive  through  the  6th 
day  of  drug  therapy.  The  skin  test  was  negative  on  the  5th  through  the  13th 
days  of  illness  but  was  positive  on  the  30th  day.  The  agglutinin  titer  was 
1:80  on  the  16th  day  of  lllnesB  but  rose  to  1:640  and  3:1280  by  the  23rd  and 
37th  days  respectively.  The  x-ray  abnormalities,  elevated  sedimentation  rate 
and  CRP  returned  to  normal  at  the  completion  of  11  days  of  tetracycline. 

Except  for  mild  fatigue  the  patient  was  asymptomatic  until  14  days 
after  completion  of  therapy,  or  29  days  from  onset  of  illness.  He  again 
noted  low  grade  fever,  "sticking"  left  lower  chest  pain,  and  a  dry  cough. 
Readmi6sion  white  blood  cell  count  and  differential  were  normal  but  the 
sedimentation  rate  waa  24  mm/hour  and  CRP  was  4+.  Chest  fllma  revealed  a 
moderate  left  pleural  effusion  and  two  areas  cf  plate-like  atelectasis  in  the 
left  lower  lobe.  Gastric  and  pharyngeal  washings  were  negative  on  culture  and 
guinea  pig  inoculation  for  F.  tularensla.  Thoracentesis  was  performed  on  the 
4th  day  of  relapse  with  removal  of  650  ml  of  a  turbid,  straw-colored  fluid. 
Specific  gravity  was  1.019,  total  protein  4.2  gm  per  cent  and  white  blood  cell 
count  of  31,850/cu  mm,  predominately  polymorphonuclear  leukocytes.  This  fluid 
was  positive  on  culture  and  guinea  pig  inoculation  for  the  streptomycin-aeni- 
tive  strain  of  P.  tularensla. 

On  the  3rd  day  of  relapse  tetracycline  therapy  was  instituted  using 
a  1  gm  "loading  dose"  and  2  gu  dally  thereafter  for  14  days.  Forty-eight  hours 
later  the  patient  was  afebrile.  However,  dull  left  lower  chest  pain,  fatigue, 
and  a  non-productive  cough  persisted  throughout  the  first  week  of  the  second 
course  of  treatment.  The  pleural  effusion  cleared;  the  abnormal  sedimentation 
rate  and  CRP  returned  to  normal  by  the  completion  of  the  14-day  treatment.  He 
has  remained  well  during  a  five  month  follow-up  period. 

COMMENT 

Upper  and  lower  respiratory  tract  symptoms  were  prominent  in  this  caae. 
The  presumptive  diagnosis  of  tularemia  And  prompt  Institution  of  therapy  were 
based  on  the  grippal  and  respiratory  symptoms,  with  a  normal  white  blood  cell 
count,  an  elevated  sedimentation  rate  and  CRP,  and  bronchopneumonia  in  an 
individual  who  worked  with  P.  tularensla.  The  skin  test  waa  negative  as  late 
as  the  13th  day  of  illness  and  the  agglutinin  titer  did  not  reach  a  ''diagnostic" 
level  until  the  23rd  day.  However,  the  streptomycin-sensitive  organism  was 
Isolated  from  the  gastric,  pharyngeal,  and  sputum  saryle*  of  the  4th  and  5th 
day  of  illneBB.  The  sputum  remained  positive  as  late  as  the  6th  day  ef  therapy. 

Though  the  clinical  and  laboratory  evidence  of  disease  cleared  with  the 
11-day  course  of  tetracycline,  a  relapse  occurred  14  days  later.  The  symptoms 
were  less  severe  but  the  pleural  effusion  reoccurred;  P.  tularensl.s  was  re¬ 
covered  from  the  pleural  fluid.  The  isolate  obtained  during  relapse  retained 


its  in  vitro  sensitivity  to  tetracycline  and  a  second  course  of  this  drug  was 
effeTtive.  It  should  be  noted  that  the  relapse  occurred  in  spite  of  a  positive 
skin  test  and  a  high  agglutinin  titer. 

Case  22 

This  25  year  old  negro  male  was  admitted  October  16,  1956.  He  had 
received  an  Initial  vaccine  series  approximately  45  months  earlier;  there  were 
no  Intervening  booster  series.  The  agglutinin  titer  three  months  before 
Infection  was  1:40.  There  had  been  no  recognised  exposure  but  he  had  worked 
With  the  SCHU  S5  strain  of  P.  tularensis  on  only  one  day,  four  days  prior  to 
onset  of  symptoms.  Eight  days  before  admission  he  noted  night  sweats,  evening 
fever,  moderate  anorexia,  and  mild  frontal  headache.  Though  the  symptoms  did 
not  Increase  in  severity  and  he  continued  to  work  dally,  their  persistence 
prompted  his  admission. 

Physical  examination  revealed  a  well-nourished  male  who  did  not  appear 
ill.  The  oral  temperature  was  100. 4°F.  Admission  laboratory  data  showed  a 
white  blood  cell  count  of  8,520/cu  mm  with  noraial  differential,  a  sedimentation 
rate  of  26  an/hour,  CRF  of  3+,  and  a  normal  chest  film.  During  the  first  three 
days  of  observation  the  patient  complained  of  moderate  night  sweats,  anorexia, 
slight  frontal  headache ,  and  low  back  ache.  The  oral  temperature  ranged  between 
101.0  and  102. Q°F.  On  the  4th  hospital  day,  the  ,2th  day  of  illness,  a  painless 
swelling  developed  just  anterior  and  overlying  the  angle  of  the  right  mandible. 
This  mass  measured  4  by  4  cm;  it  was  round,  firm,  non-tender,  easily  movable 
submental  node.  Dental  and  mandible  films  as  well  as  dally  examination  of  the 
oral  cavity  were  normal. 

Two  grams  dally  of  oral  Chloromycetin  were  started  on  the  4th  hospital 
day  and  continued  for  10  days.  Within  48  hours  the  patient's  mild  symptoms 
subsided  and  the  temperature  fell  to  99.0  to  10Q.Q»CF  where  it  persisted  for  the 
next  six  weeks.  The  mass  on  the  right  mandible  remained  unchanged  and  the 
elevated  sedimentation  rate  and  CRP  persisted  in  spite  of  therapy. 

Pharyngeal  washings  on  the  1st  and  2nd  hospital  day  were  negative  for 
JP.  tularensis  on  guinea  pig  inoculation  end  culture,  but  a  gastric  washing 
obtained  the  3rd  hospital  day  was  positive  for  streptomycin-resistant  strain. 

The  admission  skin  test  was  positive  and  tularemia  agglutinin  titer  rose  to 
1:640  by  the  7th  and  1:1280  by  the  11th  hospital  days. 

The  mass  remained  unchanged  and  he  was  transferred  to  anpbher  hospital 
for  an  exclslonal  biopsy  on  the  36th  day  of  illneBS.  At  surgery  it  appeared  to 
be  lymphoid  tissue,  firmly  adherent  to  the  adjacent  tissue  but  did  not  involve 
the  bone.  Removal  by  dissection  was  not  possible;  it  was  therefore  removed  by 
Curettage.  The  biopsy  site  rapidly  heeled.  No  organisms  were  cultured  from 
the  biopsy  specimens;  microscopic  examination  demonstrated  areas  of  necrosis 
surrounded  by  epithelioid  cells  and  a  few  giant  cells  with  marked  infiltration 
by  round  cells,  plasma  cells,  and  macrophages,  A  diagnosis  of  an  inflammatory 
granulomatous  reaction  compatible  with  tularemia  was  made. 

Following  surgery  the  patient  felt  well,  but  a  low-grade  evening  fever 
persisted;  consequently  a  10- day  course  of  2  gm  daily  of  oral  Albamycin  was 
started  on  the  6th  post-surgical  day  with  the  temperature  subsiding  to  normal 
within  24  hours.  However,  on  the  7th  day  of  therapy  he  developed  moderate 
fever  and  a  pruritic,  erythematous,  macular  rash  which  cleared  three  days  after 
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discuut itiUln£  the  antibiotic.  One  month  later  the  sedimentation  rate  and  CRP 
were  normal.  The  patient  has  remained  well  throughout  a  one  year  follow-up 
period.  The  skin  test  has  remained  positive  and  the  tularemia  agglutinin  titer 
persists  at  1:1280. 

COMMENT 

The  history  of  potential  exposure  to  the  organism  on  only  the  4th  day 
before  onset  of  illness  permitted  an  estimation  of  the  incubation  period.  The 
absence  of  any  respiratory  symptoms  was  noted  in  only  four  of  the  39  typholdal 
cases.  Nevertheless,  the  organism  was  obtained  from  gastric  washings.  The 
mild  but  persistent  symptoms  were  consistent  with  the  type  of  illness  seen  in 
the  majority  of  our  cases. 

The  appearance  of  the  lymphoid  mass  over  the  right  mandible  on  the  12th 
day  of  illness  was  an  unusual  feature.  Chloromycetin  promptly  controlled  the 
patient's  mild  symptoms  but  the  low  grade  fever  and  mass  persisted.  This  has 
been  noted  also  following  the  late  use  of  antibiotics  in  naturally-occurring 
ulceroglandular  disease.  Failure  to  isolate  the  organism  from  the  involved 
node  in  this  patient  was  to  be  expected;  even  without  treatment  the  recovery 
of  P.  tul  areas  is  from  local  nodes  is  rare  after  the  firs*,  month  of  illness. 

More  commonly,  cervical  lymph  node  involvement  is  associated  with 
pharyngotonsillar  or  the  angioae  form  of  disease.  This  form  of  tularemia  is 
seen  in  the  pediatric  age  group  and  commonly  follows  infection  by  ingestion. 

In  this  caGe,  no  oral  lesion  was  apparent.  Nevertheless,  direct  extension  from 
the  oral  cavity  seems  probable. 

Case  26  (Figure  5) 

This  22  year  old  white  male  was  admitted  to  the  hospital  on  August  2, 
1957,  He  had  received  an  initial  vaccine  aeries  approximately  five  months 
prior  to  onset  of  illness;  two  weeks  before  infection  Che  tularemia  agglutinin 
titer  was  1:20.  The  day  prior  to  admission  the  patient  noted  a  severe  pounding, 
bilateral,  temporal  headache  with  anorexia,  and  insomnia.  The  following  day 
nasal  stuffiness,  moderate  sore  throat,  severe  myalgias  of  the  lower  back  and 
calf  muscles,  sweats,  fever,  and  weakness  compelled  him  to  remain  in  bed.  These 
symptoms  appeared  three  days  after  a  recognised  laboratory  accident.  A  co-work¬ 
er  became  111  five  days  after  this  exposure  with  a  typholdal  form  of  tularemia. 

Physical  examination  revealed  a  young  white  sale  who  appeared  moderately 
ill.  The  physical  findings  were  limited  to  a  rectal  temperature  of  103. 6°F, 
pulse  100,  and  an  Injected  pharynx  and  nasal  mucosa.  Admission  laboratory  data 
included  a  white  blood  cell  count  of  7,800/cu  sis,  74  per  cent  neutrophils  (19 
per  cent  bands),  sedimentation  rate  of  4  mm/hour,  and  a  4+  CRP.  The  following 
day  the  sedimentation  rate  had  risen  to  30  aa/hour.  Serial  chest  films  through¬ 
out  the  two-week  period  of  hospitalisation  were  normal.  The  tularemia  skill  test 
.was  negative  from  the  4th  through  the  13th  day  of  illness,  but  was  positive  when 
next  tested  on  day  33.  The  streptomycin-resistant  strain  of  P.  tularensla  was 
isolated  from  gastric  and  pharyngeal  washings  of  the  2nd  hospital  day.  On  the 
2nd  hospital  day  and  without  specific  therapy  the  temperature  spontaneously  fell 
to  near  normal  ouly  to  spike  to  103. 0°F  cn  the  following  day. 
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Oral  tetracycline  In  a  dote  of  2  gm  dally  was  started  on  the  5th  hospital 
day  and  continued  for  10  daya.  Within  24  hours  the  patient  was  afebrile,  the 
severe  grippal  symptoms  had  subsided,  and  after  5  days  the  nasal  stuff ineaa  and 
moderate  sore  throat  had  cleared.  At  the  completion  of  therapy  the  CRT  was 
normal  and  the  sedimentation  rate  waa  falling.  It  was  possible  to  Isolate  the 
organism  from  pharyngeal  washings  throughout  the  first  five  days  of  therapy  and 
from  gaitric  aspirates  on  daya  3  and  6  of  therapy.  Two  other  specimens  were 
positive,  a  bronchial  lavage  on  the  first  day  and  a  nasopharyngeal  swab  on  the 
second  day  of  treatment. 

Seven  days  after  completion  of  tetracycline  and  while  on  convalescent 
leave,  he  noted  the  return  of  general  malaise,  calf  and  back  aches,  mild  sore 
throat,  and  feverishness.  He  was  readmitted  on  the  7th  day  of  relapse.  Physical 
examination  revealed  a  mildly  ill  individual  with  tenderness  over  the  anterior 
cervical  and  submandibular  chains  of  lymph  nodes  and  with  a  granular,  inflamed, 
posterior  pharynx.  The  white  blood  cell  count  waa  12,700/cu  mm  with  63  per 
cent  neutrophils,  31  per  cent  lymphocytes  of  which  50  per  cent  were  atypical, 
sedimentation  rate,  36  mm/hour,  and  CRP  4+.  Serial  chest  films  were  normal. 

The  differential  diagnosis  rested  between  a  relapse  of  tularemia  and 
infectious  mononucleosis.  Subsequent  aerial  heterophile  tests  were  normal; 
pharyngeal  and  gastric  washings  were  again  positive  for  the  streptomycin-resis¬ 
tant  strain  of  P.  tularensls.  The  report  of  these  positive  isolations  prompted 
a  second  2-week  course  of  oral  tetracycline  (2  gm  daily).  Systems  subsided  by 
the  5th  day  of  treatment;  nevertheless  it  was  possible  to  isolate  the  organism 
from  the  pharyngeal  washings  as  late  aa  the  6th  therapy  day.  At  the  completion 
of  therapy  the  CRP  had  again  returned  to  normal,  but  the  sedimentation  rate  was 
still  28  mm/hour.  The  sedimentation  rate  dropped  to  normal  range  by  the  fifth 
month. 


The  agglutinin  titer  remained  at  a  1:40  level  throughout  the  second  week 
of  illness  but  by  the  25th  day,  3  days  after  relapse,  it  waa  1;640  and  reached 
the  peak  level  of  1:1280  by  the  33rd  day.  During  one  year  follow-up  the  sedissca^ 
tation  rate,  CRP,  chest  film  and  physical  examination  have  remained  normal. 
However,  the  patient  has  complained  of  mild  generalized  muscular  and  joint  aches 
on  damp  days,  which  have  been  effectively  controlled  with  aspirin. 

COMMENT 

This  is  a  case  of  moderately  severe  typholdal  tularemia.  He  and  his 
associate  became  ill  on  the  3rd  and  5th  days  respectively  following  an  accident 
which  could  have  been  expected  to  create  an  aerosol  containing  P ,  tularensls. 

In  addition  to  the  severe  grippal  symptoms,  nasal  stuffiness  and  sore  throat 
were  prominent  complaints.  In  our  patients  these  symptoms  were  common  and 
occurred  with  or  without  roentgen  evidence  of  pulmonary  changes.  The  injected 
and  slightly  granular  appearance  of  the  posterior  pharynx  was  noted  in  approxi¬ 
mately  half  of  the  patients.  The  finding  of  5  to  15  atypical  lymphocytes  during 
the  acute  phase  of  tularemia  is  not  uncommon.  There  was  the  usual  prompt 
response  to  tetracycline  during  th ,  Initial  and  relapse  eplsoaes,  yet  it  was 
possible  to  isolate  the  organism  ca  both  occasions  through  the  6th  day  of  therapy. 
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Of  the  four  relapses  observed  in  this  series  of  patients,  ail  hau  in 
common  the  following:  return  of  symptoms  7  to  14  days  after  completion  of  at 
least  one  week  of  tetracycline  started  during  the  first  week  of  diaeaae,  milder 
symptoms  than  initially,  and  a  prompt  response  when  retreated  with  tetracycline. 
In  this  case,  the  relapse  occurred  seven  days  after  completion  of  tetracycline 
in  a  dosage  of  2  gm  daily  for  10  days. 

IV.  DISCUSSION 


The  American  literature  clearly  describes  the  etiology,  epidemiology, 
pllpfcgl  pgurse  and  pathology  of  naturally-occurring  tularemia? t.ji — -i  -£j - 1 — ’ 


15,16 


In  this  country,  as  a  result  o£  contact  with  lower  animals 


(particularly  the  rabbit),  through  dressing  of  carcaasea,  or  by  Inaect  bites 
(piincipally  the  tick),  approximately  90  per  cent  of  the  cases  are  of  the 
ulccroglandular  variety.  In  contrast,  laboratory-acquired  disease  is  princi¬ 
pally  of  the  typhoidal-pulmonlc  form.  Thirty-nine  of  the  42  cases  in  this 
series  belong  in  this  latter  category. 


Circumstantial  evidence  points  to  the  respiratory  tract  as  the  portal  of 
entry.  The  potential  exposure  to  aerosol  particles  of  P.  tularensls  as  a 
result  of  laboratory  procedures  is  a  constant  hazard.  The  high  incidence  of 
illness  in  the  absence  of  recognised  exposure,  and  the  occasional  case  following 
remote  contact  also  implicate  this  route  of  infection. 


In  keeping  with  the  previously  reported  naturally-occurring  and  labora¬ 
tory-acquired  typhoidal  cases  the  majority  of  our  patients  noted  respiratory 
symptoms  such  as  coryza,  pharyngitis,  substerual  tightness,  and  cough  at  the 
onset  of  illness  without  regard  to  the  chest  x-ray  status.  It  is  apparent 
that  the  conventional  classification  of  typhoidal  vs  typhoidal  with  pulmonary 
involvement  doeB  not  connote  a  difference  in  pathogenesis  but  merely  the 
extent  of  respiratory  involvement. 


The  wide  range  of  severity  of  illness  in  our  group  of  patients  added  to 
the  problem  of  recognition  of  infection.  Based  on  symptoms  alone  it  was 
Impossible  to  differentiate  the  milder  cases  from  the  common  cold.  In  the 
more  111  patient,  Aslan  Influenza,  infectious  mononucleosis,  psittacosis,  Q 
fever,  "atypical  pneumonia,"  typhoid  fever,  brucellosis,  and  tuberculosis 
were  a  few  of  the  diseases  warranting  consideration.  There  was  nothing 
specific  for  tularemia  about  the  respiratory  or  grippal  symptoms  and  signs. 
The  elevated  sedimentation  rate  and  CRP  as  well  as  the  normal  to  mildly 
elevated  white  blood  cell  count  early  in  the  course  of  illness  were  charac¬ 
teristic  but  not  diagnostic  of  tularemia.  The  agglutinin  titer  rise  during 
the  2nd  to  3rd  week  and  the  8-fold  or  greater  rise  thereafter  supplied  con¬ 
firmatory  information  but  was  not  useful  in  early  recognition  of  the  disease 
Hemagglutinin  titers,  which  sometimes  showed  a  diagnostic  rise  as  much  as  a 
week  earlier  than  agglutinin,  titers,  had  sisillar  limitations.  Attempts  to 
demonstrate  a  capsular  polysaccharide  in  pharyngeal,  gastric,  sputum,  and 
urine  specimens  utilising  a  hemagglutination  inhibition  technique  were 
unrewarding. 
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Fosh*yi£/  baa  reported  *  92  per  cent,  incidence  of  positive  skin  tests  during 
tbs  first  seven  days  of  natural ly-occur ring  tularemia.  However,  about  40  per 
cant  of  eux  hospitalised  patients  had  «gstive  skin  testa  at  the  end  of  the 
first  week  of  illness.  The  akin  teat  had  tbs  usual  diagnostic  limitations . 


The  admission  chest  films  were  abnormal  in  17  of  31  typhaidal  cases. 
55  per  cent  Incidence  of 


This 


pulmonary  Involvement  compares  favorably  with  the 
nt  in  naturally-occurring  typhoidal  tularemi ar--r’Z.  i.£?.i/ 

m  ►  tn  AiFf+Tmnt  t  vnu a 


reported  50  to  77  per  cent 

23,24,25.26/  and  Bsrland^  attempted  to  discriminate  different  types 

of  pulmonary  involvement  in  the  ulceroglandular  and  typhoidal  forms  of  disease; 
subsequent  reports  have  failed  to  substantiate  thsir  observations.  From  16  cases, 
eight  of  whom  were  of  the  typhoidal  variety,  lvie=~t'  noted  an  oval  area  of  infil¬ 
tration  In  nine  end  hilar  adenopathy  in  five  patlente.  Ten  of  the  caeee  had  some 
degree  of  pleural  effusion  which  usually  occurred  late  in  the  course  of  illness. 
Dennis  and  Boudreau-—  reported  14  canes  of  pleuropulioonary  tularemia,  seven  of 


whom  were  not  ulceroglandular  in  origin.  In  addition  to  the  findings  of  Ivle, 
these  observers  emphasised  the  frequently  widespread  and  bilateral  pulmonary 
involvement.  Thirteen  of  crux  15  patients  with  pneumonia  had  a  2-  to  8-em  oval 
infiltrate.  There  was  attending  hilar  adenopathy  in  eight  and  a  pleural  effusion 
In  two  of  the  patients  with  pneumonia.  Another  patient  had  hilar  adenopathy, 
perihilar  streaking,  and  pleural  effusion.  Pleural  effusion  was  observed  as  the 
only  abnormality  in  oue  case.  These  observations  are  in  agreement  with  those  of 
Ivle  and  Dennis  and  Boudreau.  Though  not  diagnostic,  the  presence  of  an  oval 
pneumonic  patch  or  pleural  effusion  associated  with  hilar  adenopathy  occurring 
during  a  febrile  illness  should  strongly  suggest  the  possibility  of  tularemia. 


Because  of  the  danger  of  laboratory  infections,  few  hospital  laboratories 
have  made  serious  efforts  to  recover  the  organism  In  typhoidal  tularemia.  In 
endemic  areas  the  conventional  approach  has  been  to  consider  the  poslblllty  of 
typhoidal  tularemia  in  any  severe  atypical  pneumonia  or  febrile  Illness  not 
responding  to  penicillin.  In  such  instances  a  2-  to  3-day  course  of  strepto¬ 
mycin  results  in  prompt  clinical  improvement  and  has  been  recommended  as  a 
therapeutic  test,  the  diagnosis  being  confirmed  by  the  appearance  of  aggluti¬ 
nating  antibodies  during  the  2nd  week  of  Illness  with  subsequent  rise  between 
the  4th  and  6th  weekaiZ' .  Since  the  advent  and  widespread  general  use  of  broad 
spectrum  antibiotics  and  their  effectiveness  in  controlling  tularemia,  it  is 
probable  that  the  typhoidal  form  of  disease  is  often  unsuspected. 


The  desire  to  establish  an  earlier  definitive  diagnosis  prompted  our  efforts 
to  isolate  the  organism.  Utilising  the  gastric  and  pharyngeal  washings,  and 
sputum  when  available,  the  organism  was  isolated  in  25  of  30  typhoidal  cases 
and  as  late  as  the  third  week  of  untreated  illness.  Nineteen  of  these  isolates 
were  resistant  to  streptomycin,  the  remaining  C  ware  sensitive.  Sputa  and 
gastric  washings  were  superior  to  pharyngesl  washings,  A  definitive  diagnosis 
was  usually  made  within  48  to  72  hours  after  admission  when  the  strain  could  be 
cultured.  The  percentage  of  positive  cultures  was  materially  Increased  by  the 
simple  maneuver  of  inoculating  several  culture  platea  from  each  specimen.  For 
the  streptomycin-resistant  organism,  when  the  quantity  of  material  inoculated 
into  animals  and  onto  culture  plates  was  approximately  the  same,  the  results 
were  identical  by  either  method.  The  method  of  culture  of  the  streptomycin-sensi¬ 
tive  organism  from  pharyngeal  washings  Is  not  yet  satisfactory.  In  those  patients 


In  who*  the  culture  vu  negative,  but  guinea  pig  inoculation  *ai  poaitiva, 
•pacific  identification  was  set  possible  on  the  average  until  the  5th  day 
following  admission  (range  4  to  7  days).  Various  methods  of  shortening 
the  time  required  for  a  laboratory  diagnosis  are  under  study  and  will  b* 
reported  elsewhere. 

It  la  well  known  that  P.  tularansls  can  be  isolated  from  cases  with 
pulmonary  involvement  from  the  sputum  and/or  pleural  fluid,  utilising 
guinea  pig  Inoculation  and  leas  often  by  culture  on  GCB  me d i a— . 

In  untreated  disease  the  organism  has  been  Isolated  from  the  sputum  of  a 
pneumonic  case  as  long  as  49  days  and  from  pleural  fluid  as  late  as  four 
months^7/.  On  the  contrary,  it  has  not  been  generally  appreciated  that 
the  organism  could  be  isolated  from  the  sputa  of  i.  patients  without 
pulmonary  involvement  as  was  possible  in  three  of  our  cases.  Johnsonn£' 
reported  isolations  on  the  17th  to  the  30th  day  of  disease  from  sputa 
Inoculated  into  white  mice.  This  typhoidal  Illness  occurred  in  a  12  year 
old  girl  following  playing  with  rabbits,  and  was  characterised  by  foyer, 
subacute  pharyngitis,  and  a  norcal  chest  x-ray  examination.  LarsonnS7 
described  a  similar  experience  in  a  10  year  old  girl  with  fever,  sore 
throat,  and  normal  chest  x-ray  following  rabbit  exposure.  It  was  possible 
to  isolate  the  organism  from  mica  Inoculated  with  sputum  from  the  15th  day 
of  illness.  Gastric  and  pharyngeal  washings  have  not  been  successfully 
exploited  previously  as  sources  of  diagnostic  material.  It  is  worthy  of 
note  that  these  specimens  from  our  series  could  be  positive  whether  chest 
x-ray  evidence  of  pulmonary  involvement  was  present  or  not. 

In  vitro  studies  demonstrate  that  streptomycin  is  bacteriostatic  for 
the  parent  strain  of  P.  tularensis  at  a  concentration  of  less  than  0.4 
jug/ml  and  bactericidal  at  1 .0  oig/mhlS' ;  however,  the  resistant  strain 
Isolated  from  our  patients  was  not  sensitive  to  10  or  lOO^ug/ml.  UuntH^ 
demonstrated  the  bactericidal  property  of  streptomycin  In  patients  with 
yusssssic  tularemia  by  collecting  samples  ef  sputum  or  pleural  fluid 
prior  to  and  five  days  after  therapy.  The  initial  speclm-ns  were  positive 
utilising  white  mice;  post-treatment  specimens  were  negative.  In  contrast, 
the  broad  spectrum  antibiotics  in  vitro  are  bacteriostatic  for  P.  tularansls . 
Growth  of  the  isolates  from  each  of  our  patients  was  inhibited  by  concen¬ 
trations  of  ljug/ml  of  tetracycline.  This  difference  In  drug  action  probably 
accounts  for  the  continued  isolations  of  P.  tularensis  from  the  naso-pharynx 
of  the  patients  for  several  days  after  the  Initiation  of  therapy  with  broad 
spectrum  antibiotics.  Similar  observations  have  been  made  in  ether  diseases. 

The  bacteriostatic  action  of  these  drugs  has  been  demonstrated  in  experi¬ 
mental  animals.  Gechenouncl'  challenged  guinea  pigs  with  P.  tularansls  SCKU- 
S4  by  the  intraperitoneal  route  and  initiated  prophylaxis  with  parenteral 
tetracycline  24  hours  later.  Two  schedules  were  used;  In  one  the  drug  was 
given  every  six  hours,  in  the  other  every  12  hours.  The  total  daily  dose  of 
drug  was  the  same  in  the  two  groups.  The  animals  treated  at  12- hour  intervals 
became  febrile  almost  as  aeon  as  the  untreated  controls,  while  the  animals 
treated  four  times  a  day  did  not  become  febrile  as  long  as  the  drug  was 
continued. 


Hi*  work  of  McCnsab  at  aL?— 7  In  induced  uloiroglandular  tularemia  in  volun¬ 
teer  •  kM  emphasised  th*  difference  between  the  prophylactic-  end  therapeutic 
action  of  streptomycin  end  Che  breed  spectrum  drug  ehls;eaycetiu.  These 
investigator*  lwceleted  volunteers  intrederaally  with  400  to  10,000  P. 
tulereusie  eelle  (hector  strain).  In  the  six  controls  a  reddish  papule  appeared 
within to  48  hours.  By  th*  third  post -inoculation  day  the  local  lesion  had 
enlarged  to  1  to  2  ex.,  and  there  was  Moderate  axillary  adenopathy,  fever,  and 
mild  constitutional  symptoms.  At  this  point  the  disease  was  promptly  controlled 
with  either  five  days  of  chleroayc*tin  or  streptomycin.  Dally  therapy  consisted 
of  2  gm  of  streptomycin  or  3  go  of  chi ox easy  cat in  in  four  and  two  patients  re¬ 
spectively.  Both  patients  who  received  Chloromycetin  experienced  febrile 
relapses,  whereas  the  streptomycin- trestsd  patients  remained  well. 

Seventeen  volunteers  ware  similarly  challenged^/,  and  one  hour  later  autl- 
biotica  were  started.  Nine  of  the  tan  patients  who  received  streptomycin  for  5 
days  failed  to  develop  disease  or  agglutinating  antibodies.  Overt  disease 
followed  the  cessation  of  tharapy  in  only  one  individual,  i  200  pound  male  who 
received  a  total  of  3  gw  of  streptomycin  over  a  5-day  period.  In  contrast,  a 
5-day  course  of  Chloromycetin  failed  to  prevent  disease  in  five  of  seven 
patients  but  did  prolong  the  incubation  period;  ulceroglandular  disease  then 
developed  which  was  responsive  to  a  second  course  of  this  antibiotic. 


These  observations  are  in  agreemsat  with  the  results  following  streptomycin 
or  broad  spectrum  drug  administration  in  naturally- occurring  tularemia.  The 
earlier  antibiotics  are  started  duripg  the  Illness,  the  shorter  the  active  phaae 
of  disease.  However.  Johnson  et  aliU',  Berson  and  KarvelL2£/>  Taylorii'  and 
Overholt  and  Summer al£'  have  emphasised  that  antibiotics  sre  less  effective  upon 
low-grade  fever  and  lymphadenopathy  in  the  comaon  ulceroglandular  disease  when 
started  after  the  firat  two  weeks  of  infection.  Liquifaction  and  subsequent 
drainage  of  the  laeion  may  still  occur. 

The  recommended  dosage  for  streptomycin  or  dihydrestreptomyciu  is  0. 5  to  2.0 

ge  •igilY  for  5  ro  10  days  depending  upon  the  severity  ef  illness- 3*33 , 34^35^36^ 

■  >  ^1,^/ .  He  lap  ces  have  not  been  reported  following  much  therapy.  The 

reported  clinical  experience  with  the  tetracycline  group  of  drugs  and  Chloro¬ 
mycetin  has  been  lesa  exteas lval^A?^ .i i x.^.7  Their  effective¬ 
ness  in  controlling  the  acute  phase  of  illness  has  been  comparable  to  that  of 
streptomycin,  e.e.,  precipitous  drop  in  fever  and  control  of  symptoms  within  24 
to  48  hours,  Corwin  and  Stubba^-v  pointed  out  that  chlortetracycline  was  ef¬ 
fective  in  securing  remissions  but  unlike  streptomycin  was  not  curative.  They 
described  eight  patients  who  completed  a  dose  schedule  ranging  from  8  gm  in  4 
days  to  12  ksk  In  6  days;  seven  returned  to  the  hospital  within  5  to  9  days  with 
a  relapse  of  symptoms;  however,  these  authors  failed  to  indicate  on  which  day  of 
disease  therapy  was  started.  Wimberlejuli/  reported  a  case  of  ulceroglandular 
disease  which  relapsed  following  treatment  with  chlortetracycline;  therapy  was 
Instituted  on  the  second  day  of  illness  and  continued  for  four  days.  The  dose 
schedule  consisted  ef  1  gm  Initially  and  1.5  gm  dally  thereafter.  Three  days 
later  the  symptoms  returned  hut  were  promptly  controlled  with  a  9 -day  course  of 
2  gm  ^ally.  Symptoms  again  returned  within  two  days  but  were  controlled  with 
one  day  of  chlortetracycline.  Parker  et  alad-  observed  two  relapses  among  six 
patients  treated  with  Chloromycetin.  The  therapy  schedule  consisted  of  a 


"loading"  dose  of  2  to  3,5  gas  and  3  g*  daily  thereafter.  One  of  tha  casaa  mat 
a  laboratory  worker  who  had  the  typhoidal  font  of  disease  with  pulmonary 
Involvement.  Therapy  waa  inatltutad  on  the  6th  day  of  lllnaaa  and  continued  for 
5.3  daya.  Four  daya  later  fever  end  symptoms  returned.  A  10-g*  courae  of 
Chloromycetin  promptly  controlled  the  symptom*  but  two  daya  later  the  aymptoma 
returned,  A  third  courae  of  18  gm  for  seven  daya  brought  the  illness  under 
control.  The  other  relapse  occurred  in  a  patient  with  ulceroglandular  tula¬ 
remia.  Therapy  waa  started  on  the  second  day  of  illness  and  continued  for  five 
days.  Three  days  later  his  symptoms  returned  but  were  promptly  controlled  with 
3  gaa  of  Chloromycetin  over  the  next  4.5  daya. 

In  our  patients,  the  rapid  decline  in  fever,  control  of  symptoms  within  24 
to  48  hours,  and  the  prompt  regression  of  abnormal  sdlmentation  rate,  CRP  and 
cheat  x-ray  after  the  onset  of  broad  spectrum  drug  therapy  were  markedly 
uniform.  The  response  was  equally  dramatic  in  the  more  serious  cases.  However, 
four  relapses  were  noted  among  the  13  typhoidal  cases  who  were  treated  within 
the  first  week  of  illness.  Exacerbation  of  the  diaeaae  waa  not  observed  among 
the  17  patients  treated  after  the  first  week  of  Infection  and  who  received  anti¬ 
biotics  for  a  comparable  period.  Time  of  initiation  of  therapy  may  not  be  the 
sole  factor.  Patients  treated  in  the  second  or  third  week  of  lllneaa  in 
general  had  milder  symptoms. 

The  broad  spectrum  group  of  drugs  falls  to  free  the  host  of  F.  tularensis. 

If  therapy  la  started  during  the  initial  week  of  illness,  before  there  is  a 
period  of  adequate  antigenic  stimulus,  relapses  may  occur  after  7  to  10  days, 
of  treatment;  a  high  relapse  rate  is  expected  if  less  than  7  days  of  broad 
spectrum  therapy  la  given.  However,  after  approximately  a  week  of  untreated 
lllnesc,  or  in  other  words  "antigenic"  experience,  the  host's  Imune  mechanism 
is  stimulated  to  curtail  bacterial  growth  once  the  7  to  10  day  course  of 
bacteriostatic  drug  is  completed.  Nevertheless,  five  of  17  of  the  patients 
who  were  so  treated  had  a  "subcllnlcal  rebound"  (rise  16  sedimentation  rate). 
This  occurred  at  about  the  same  time  as  did  the  clinical  relapse,  i.e.  1  to  3 
weeks  following  competlon  of  broad  spectrum  the*  py.  This  renewed  bacterial 
growth  apparently  is  held  in  check  by  the  host's  partially  mature  immune 
status.  During  the  second  week  of  illness  a  single  lO-day  courae  of  treatment 
appears  sufficient.  As  yet  there  Is  no  proved  therapeutic  regimen  which  will 
prevent  relapses  if  broad  apectrum  antibiotics  are  begun  during  the  first  week 
of  illness.  Perhaps  a  14-day  or  longer  courae  will  be  sufficient.  Smadel  et 
al2f/  have  prevented  scrub  typhus  relapses  when  bacteriostatic  drug  therapy 
waa  started  within  the  first  week  of  illness  by  interrupted  therapy.  It  is 
possible  that  relapses  can  be  prevented  by  n  similar  approach  in  tularemia. 

The  problem  is  now  under  study  in  animals  and  man. 

The  phenolized  and  acetone-extracted  vaccines  do  not  prevent  infection. 

The  non-viable  vaccine  has  failed  to  protect  white  mice  from  subsequent  in¬ 
fection  with  minimal  doses  of  a  virulent  strain^/.  Elgelsbach^^  has  extended 
these  studies  to  monkeys  and  was  unable  to  demonstrate  any  significant  iwunity 
following  the  use  of  this  vaccine.  There  are  over  200  reported  laboratory  in¬ 
fections  in  vaccinated  personnel.  Foshay  et  wl— '  have  collected  data  on  the 
incidence,  severity,  and  duration  of  disease  in  2,145  vaccinated  persons,  con¬ 
sisting  primarily  of  hunters,  meat  handlers,  butchers,  farmers,  farm  wives. 
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■ad  laboratory  workers.  Because  of  the  unknown  size  of  the  control  group  and 
the  lack  of  da': a  on  the  relative  risk  of  exposure  It  was  not  possible  for  these 
Investigators  to  demonstrate  conclusively  the  effectiveness  of  the  vaccine  as 
a  disease  preventive.  Similarly,  Sa&jll  at  a!2'  in  an  uncontrolled  study  cited 
a  14  par  cent  disease  rate  among  163  vaccinated  persons  at  Fort  Detrick  and 
suggest ad  that  the  vaccine  could  be  responsible  for  this  relatively  low  in¬ 
fection  rate.  Evaluating  vaccine  prophylaxis  in  laboratory  personnel  Is  com- 
plicated  when  it  is  appreciated  that  the  clinical  features  of  mild  typhoidal 
disease  are  limLlar  to  a  coosson  cold  and  caae  recognition  is  extremely  diffi¬ 
cult.  Fosbav  et  ala'  in  natural ly-occurt ing ,  and  Kadull  et  el£/  and  Van  Metre 
and  Kadullaa'  In  laboratory' acquired  untreated  tularemia  have  reported  Edifi¬ 
cations  ef  severity  and  of  duration  of  disease  in  vaccinated  personnel.  In 
addition,  they  daacribad  individuals  with  unexplained  diagnostic  rises  in 
agglutinin  titsra.  Whether  such  were  truly  subclinic&l  or  similar  te 

the  alldly  ill,  eight  non-hosplt.  .Hiied  and  two  untreated  hospitalized,  patients 
of  our  series  is  s  moot  question.  Asymptomatic  infection  in  the  unvaccinated 
individual  has  wot  been  documented  with  the  virulent  strain  common  to  Worth 
Amor lea. 

In  our  experience  typhoidal  tularemia  In  Che  immunized  laboratory  worker 
differs  in  severity  of  manifestations  from  the  reported  naturally-occurring 
disease.  In  contrast  to  naturally-occurring  typhoidal  tularemia  where  the 
majority  ef  pat lent a  were  quite  111,  only  15  per  cent  of  our  group  of  patients 
were  considered  to  be  severely  111  in  spite  of  the  fact  that  more  than  one-half 
were  admitted  after  the  first  week  of  illness.  However,  the  causative  strain, 
conditions  ef  exposure,  time  of  onset  of  therapy,  and  type  of  therapy  are  not 
comparable.  Furthermore,  it  should  be  recognised  that  the  high  index  of  sus¬ 
picion  ef  disease  and  system  of  medical  investigation  employed  in  the  present 
study  has  permitted  an  appreciation  of  the  wide  range  ef  severity  of  the 
typhoidal  form  of  disease.  Therefore,  it  is  impossible  to  correlate  the  com¬ 
paratively  mild  disease  seen  in  these  patients  with  prior  vaccination. 

No  relationship  could  be  established  between  the  severity  of  illness  on 
admission  and  the  number  of  booster  series  or  the  time  interval  from  the  last 
booster.  An  individual  who  had  received  his  Initial  series  four  years  earlier 
with  no  subsequent  boosters  was  as  likely  to  have  a  mild  disease  as  an  individual 
who  had  received  his  booster  within  the  last  six  r  "hs,  and  all  but  two  patients 
had  low  grade  tularemia  ggglutlnln  titers  prior  to  Illness. 

Recently  SasIawS^  has  defined  more  clearly  the  role  of  a  phenolized  vaccine 
in  the  prevention  or  modification  of  disease  in  a  controlled  volunteer  study. 

The  minimal  info  cting  dess  ef  SCHU  S4  strain  of  P.  tul areas la  via  the  intra- 
cutaneous  route  was  employed  in  three  groups  of  men;  1)  non-vaccinated,  2) 
vaccinated  and  challenged  three  weeks  later,  and  3)  vaccinated,  followed  by  a 
booster  six  months  later,  and  challenged  three  weeks  after  booster.  All 
challenged  subjects  developed  local  lesions  and  11  of  12  non-vaccinated  men 
had  associated  fever  and  constitutional  symptoms.  In  contrast  only  3  of  14 
vaccinated  men  and  2  of  5  vacclnated-plus-booster  men  had  constitutional  symptoms. 
Infection  was  not  prevented  hut  prior  vaccination  modified  the  severity  of  the 
disease  resulting  from  this  law  challenge  Infracut aneous  dose.  Similar  studies 
with  typhoidal  disease  have  not  yet  been  reported. 


Killed  vaccine  preparations  have  been  reported  to  be  ineffective  In  pre¬ 
venting  tularemia  in  EuasioiE' .  la  toe  past  decade  a  live  attenuated  vaccine 
has  been  extensively  need.  It  is  stated  that  previously  immunized  individu¬ 
als  have  a  high  degree  of  protection  during  epidemics,  that  laboratory  in¬ 
fections  no  longer  occur,  and  that  vaccination  during  epidemics  sharply  cur¬ 
tails  the  new  case  rat dzSjlZL* .  Russian  morbidity  and  mortality  rates  in 
untreated  naturally-occurring  tularemia  are  not  comparable  to  the  American 
experience  and  it  is  generally  agreed  that  the  Continental  strains  are  less 
virulent  than  American  strains^/.  In  Russian,  inapparent  infection,  a  milder 
illness,  and  a  mortality  rate  of  less  than  1  per  cent  are  In  contrast  to  the 
disease  seen  in  this  country.  Whether  a  viable  vaccine  would  be  effective  as 
a  prophylactic  agent  against  tularemia  in  this  country  is  unknown. 


It  Is  widely  accepted  that  one  attack  of  tularemia  confers  permanent 
immunity,  However,  there  are  at  least  eight  Wall  documented  re-infection 
ulceroglandular  cases  in  this  country.?.-*  *,  ■  aS2' .  Taylmric/  reported  two 
patients  with  naturally-occurring  ulceroglandular  tularemia  who  returned,  a 
month  and  18  months  later,  with  second  distinct,  acute  attacks  of  ulcero¬ 
glandular  tularemia.  Both  of  these  cases  had  been  treated  with  antibiotics 
within  the  first  week  of  initial  illness.  The  remaining  six  re-infections 
were  laboratory- acquired,  mild  ulceroglandular  disease  which  appeared  from  a 
few  months  to  aa  long  as  several  years  after  their  initial  untreated  illness. 
One  re- infection  (Case  14)  occurred  among  our  42  patients.  On  both  occasions 
this  patient  had  bacterlologically  proven  typheldal  disease  with  pulmonary 
involvement.  In  the  previously  cited  investigation  of  SaslawSd' ,  eight 
volunteers  were  rechallenged  six  months  after  their  initial  illness.  These 
individuals  had  received  streptomycin  as  soon  as  the  initial  disease  became 
apparent;  nevertheless  all  developed  agglutinins.  Following  the  second 
challenge,  local  lesions  developed  in  all  eight  patients,  but  only  two  had 
constitutional  symptoms.  These  observations  suggest  that  mild  re- Infect ion 
ulceroglandular  or  typhoidal  disease  may  occur  more  often  than  is  appreciated 
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w^w  often  s  "winter"  cold  or  slowly 


hunters  represents  re-infection  is  unknown.  It  is  apparent  that  ianunlty  is 
relative;  following  re-exposure,  and  depending  upon  the  Interplay  between 
the  .'a  immunity,  challenge  dosage,  and  virulence  of  the  organism,  illness 
in  form  may  occur. 


V.  CONCLUSION 

Of  the  42  vaccinated  laboratory  personnel  who  acquired  tularemia,  39 
resulted  from  probable  aerosol  exposure.  The  resulting  typhoidal  disease  was 
characterized  by  non-specific  grippal  and  respiratory  symptoms  of  varying  se¬ 
verity;  the  majority  of  patients  Merc  considered  to  be  only  mildly  to  moder¬ 
ately  ill.  The  phenolized  and  acetone-extracted  vaccines  were  ineffective  in 
preventing  clinical  disease  but  could  have  been  responsible  for  the  milder 
form  of  disease. 

Among  the  hospitalized  patients,  17  (55  per  cent)  of  typhoidal  cases  had 
abnormal  chest  roentgenograms .  These  abnormalities  included  single  or  multiple, 
ovoid  bronchopneumonlc  infiltrates,  pleural  effusion,  hilar  adenrpathy,  or 
combinations  thereof.  Such  findings  should  prompt  the  consideration  of  tularemia 
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1b  tit*  differential  diagnosis.  Agglutinin  and  hemagglutinin  Hruit  levels  war* 
not  useful  in  the  early  recognition  ef  disease.  Ssmm,  the  etlologlc  agent , 

?•  Sfrletensil.  w«  regularly  isolated  frost  sputum,  when  available  (12  of  14 
patients),  and  frequently  treat  gastric  (21  of  29  patients)  and  pharyngeal  (16 
of  30  pattest*)  washings  as  late  as  ths  third  week  ef  untreated  illness. 

Approx imately  three-fourths  of  the  34  hospitalised  eases  of  this  rer-urt 
resulted  fro*  a  strain  resistant  to  streptomycin,  which  has  not  been  reported 
in  natursllyoccurring  disease.  Two  ef  the  34  hospitalised  and  7  of  8 
non-hespitallsad  patients  with  slnlssl  symptoms  did  not  receive  antibiotics. 
Thirty-two  of  the  hospitalised  group  were  treated  with  broad  spectra*  anti¬ 
biotics  without  regard  for  the  streptomycin  sensitivity  of  the  isolates:  27 
with  tetracycline  alone,  one  with  tetracycline  followed  by  intravenous  oxy te¬ 
tracycline,  two  with  tetracycline  and  streptomycin,  one  with  chloronycetin  and 
subsequent  slbsaycia,  and  one  with  chlertetr&cycllne.  Broad  spectrum  drugs  in 
a  dosage  of  2  gw  dally  for  7  to  14  days  promptly  controlled  the  acute  phase  of 
disease.  P.  tularemia  could  ha  isolated  freu  sputa,  pharyngeal  vaahlngs  or 
gastric  washings  throughout  the  first  week  of  therapy.  Aarang  13  of  ths  patients 
treated  only  with  broad  spectrum  antibiotic*  ’sfcieta  were  started  during  the  first 
week  of  disease,  four  suffered  relapses  whereas  with  similar  therapy  instituted 
after  the  first  week  of  disease,  no  relapse*  occurred  in  17  patients.  It  is 
apparent  that  this  group  ef  drugs  are  bacteriostatic  and  fail  to  eradicate  the 
organism  frmm  the  host.  When  such  therapy  is  started  early  in  the  illness  the 
host's  -Immw  status  often  is  incapable  of  preventing  relapses,  Retreatment 
during  relapse  with  the  same  antibiotic  Is  effective. 
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STUDIES  ON  PASTEUP UA  TULARENSIS 


EFFECT  OF  CORTISONE  ON  LATENCY  OR  CHROHICin  IN  MONKEYS  SURVIVING 
RESPIRATORY  CHALLENGE  WITH  P.  TULARENSIS 

(Hornlck,  HugKes) 

I .  INTRODUCTION 

In  certain  infections  the  administration  of  ateroida  may  cause  latent 
disease  to  become  evident.  An  effort  was  made  to  determine  if  this  was  true 
in  monkeys  which  had  recovered  from,  or  survived,  respiratory  tularemia. 

I I .  MATERIALS  AND  METHODS 


Twelve  Macaca  mulatto  monkeys  surviving  from  various  tularemia  experiments 
were  subjected  to  daily  steroid  administration.  Their  past  history  and  status 
at  the  time  this  study  was  begun  1b  shown  in  Table  I.  Cortisone  acetate 

TABLE  I.  PAST  HISTORY  AND  STATUS  OF  12  MONKEYS  IN  CORTISONE  STUDY 


ORIGINAL 

CHALLENGE 

DOSE 

PREVIOUS  GROUP 

MONKEY 

NO. 

PREVIOUS  THERAPY 
&  DURATION  (days) 

CORTISONE 
STARTED 
DAY  POST¬ 
CHALLENGE 

DURATION 

(days) 

3,000 

Control 

28—^ 

Tetracycline  (14) 

146 

32 

Control 

32 

Nona --no  disease 

146 

28 

Living  vaccine 

85 

Tetracycline  (14) 

146 

28 

Phenolized  vac- 

43 

Tetracycline  (14) 

146 

28 

cine 

63 

Tetracycline  (14) 

146 

28 

30,000 

Control 

37 

None— no  disease 

146 

28 

Control 

40 

None- -no  disease 

140 

28 

Living  vaccine 

89 

Tetracycline  (14) 

146 

28 

Living  vaccine 

96 

Tetracycline  (14) 

146 

26 

100,000 

Living  vaccine 

11 

None 

174 

32 

Living  vaccine 

132 

None 

174 

32 

500 

Control 

iaV 

! 

None 

395 

32 

a.  Proven  chronic  tularemia. 

b.  Surviving  control  with  biopsy-proven  cutaneous  tularemic  abscesses. 

(Merck),  25  mg/ml,  was  given  in  daily  50  mg  doseB  to  four  animals  for  32  days. 
The  remaining  eight  monkeys  received  this  same  dose  of  drug  for  28  days; 
however,  during  the  last  11  days  of  treatment  they  were  used  for  other 
studies.  Blood  cultures  were  obtained  three  times  a  week  for  the  first  two 
weeks  and  once  in  the  fourth  week.  Blood  was  withdrawn  from  the  femoral  vein 
or  artery;  1  ml  waB  injected  intraperitoneally  immediately  into  each  of  two 
guiuea  pigs  and  an  additional  portion  was  used  for  routine  blood  studies. 


Weekly  weights  and  chest  x-rays  were  obtained.  Physical  examinations  were  done 
daily  as  were  temperature  recordings.  Bacteriological  examinations  were  done 
at  time  or  autopsy  uu  Both  the  monkeys  and  guinea  pig*  whan  indicated  grossly. 

III.  RESULTS 

Facial  edmaa  appeared  first  after  nine  days  of  cortisone  and  eventually  was 
present  In  all  test  animals.  Hirsutism  was  noted  during  the  second  week  of 
treatment .  Ten  of  the  animals  developed  increased  amount  and  thickness  of  the 
faciei  hair.  One  monkey  developed  acrotel  edema  after  22  days  of  cortisone. 

Three  had  flushing  of  the  fece.  The  average  weight  of  the  group  rose  slightly 
in  the  flret  week,  d.e.,  75  ga,  but  declined  steadily  thereafter.  There  was  no 
apparent  effect  on  the  temperatures.  Wine  of  the  animals  developed  email,  shotty, 
axillary  lymph  nodes,  some  appearing  after  two  days  of  treatment.  There  was  no 
obvious  change  In  the  Irascible  behavior  of  the  monkeys. 

The  usual  changes  seen  in  the  peripheral  blood  following  steroid  therapy  were 
demonstrated  (Figure  1).  There  was  an  early  mild,  transient  leukocytosis,  a 
development  of  a  relative  neutrophil i,  secondary  to  an  actual  lymphocytopenia  and 
a  decrease  in  the  eosinophils.  The  sedimentation  rates  and  the  Oreactlve  pro¬ 
teins  rose  end  remained  elevated  throughout  the  treatment  period. 

Even  though  two  of  the  monkeys  had  proven  chronic  tularemia  prior  to  corti¬ 
sone  treatment,  no  positive  blood  cultures  were  obtained  from  these  or  any  of 
the  other  cortisone  treated  monkeys. 

The  animal  with  chronic  cutaneous  tularemia  showed  no  change  in  the  lesions 
during  cortisone  administration.  No  monkey  died  during  this  period.  The 
adrenal  glands  in  these  animals,  at  sacrifice,  were  grossly  diminished  from 
norms!  si*e.  There  were  no  gross  visible  infective  processes,  with  the  exception 
of  two  animals:  No.  28  had  a  small  splenic  abscess  positive  on  culture  for  P. 
talar e ns i s ;  No.  1A  had  splenic  scars  and  residual  cutaneous  abscesses. 

IV.  CONCLUSIONS 

The  dosage  r*f  cortisone  used  in  this  study  caused  clinical  and  laboratory 
aberration  typical  of  hypersteroidiam.  There  was  no  evidence  that  this  was 
sufficient  to  break  down  tularemic  foci.  Thus,  whether  the  remaining  monkeys, 
which  had  been  treated  for  their  acute  infection  with  antibiotics,  had  any 
viable  organisms  persisting  undetected  could  not  be  determined  by  this  study. 
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EFFECT  OF  CORTISONE  ON  WHITE  BUDOD  COUNT 
\T10N  RATE  AND  C-  REACTIVE  PROTEIN. 
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DAYS  OF  CORTISONE 


